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ABSTRAC 
The influence of organized media (micelles, vesicles, 
membranes, etc.) on the course of a large variety of chemical and 
biochemical reactions is now well documented. Ionic micelles 
typically increase rates of reactions of reactive counterions with 
hydrophobic substrates that bind to micelles. These rate increases 
are due to higher local concentrations of both reactants at the 
micelle-water interface as compared to their stoichiometric 
concentrations.^ 
Surfactants are referred as amphiphilic, amphipathic, 
heteropolar or polar/non-polar compounds, as they possess distinct 
regions of hydrophobic (water repelling) and hydrophilic (water 
loving) character in their molecules. The utilization of surfactants, 
as reaction media affects rates, products, and in some cases, 
stereochem.istry of the reactions. Mechanistic work on micellar 
effects is typically done using reactant concentrations much below 
those required for normal preparative work. Micellar solutions in 
some cases have proved superior to organic solvents as reaction 
media to obtain better yield. Evidence is now accumulating which 
indicate that studies of chemical reactions in micellar media could 
provide an understanding about the reactions which take place at the 
interface.^ 
Electron-transfer processes in micellar systems can be 
considered as models to get insight into electron-transport occurring 
in biological phenomena. It has been established that arrangement of 
hydroxy groups in polyhydroxylic molecules affect the oxidation 
rate of chromium(VI).^ There have been only a limited number of 
studies of chromium(VI) redox reactions in surfactant media. 
Therefore, we have made systematic studies of the effect of 
organized assemblies (micelles) on the chromic acid oxidation of 
carbohydrates. Kinetic studies are expected to provide information 
on how the electron-transfer event is affected by hydrophobic and 
electrostatic interactions between the micelles. 
Further, in view of the observations of Srinivasan and 
coworkers^ that involvement of chromium(IV) as an intermediate 
during chromium(VI) reductions can be confirmed by manganese 
(II), the role of manganese(II) in the absence and presence of 
surfactants is also described. 
The work in the thesis has been divided into three chapters, 
namely, (i) Chapter 1- General Introduction: (ii) Chapter 2-
Experimental, and (iii) Chapter 3- Results and Discussion. 
Chapter-1 comprises of an introduction of surfactants and 
surfactant micelles, pseudophase model of micellar catalysis 
chromic acid oxidation of carbohydrates (that includes pertinent 
literature survey of the work performed on kinetic and mechanistic 
studies) and statement of the problem. 
Chapter-2 contains experimental details. The source and purity of 
various reactants and surfactants are mentioned in this chapter 
(Table 2.1). Procedures for the preparation of solutions, kinetic 
measurements, viscosity measurements and determination of the cmc 
under the reaction conditions have been detailed. Spectra of the 
reaction products obtained under varying conditions are also 
presented in this chapter. 
Different experimental conditions were adopted by varying 
the concentrations of chromium(VI), carbohydrates (i.e., D(+)-
xylose, L(+)arabinose, D(+)-glucose, D-mannose, D-fructose and L-
sorbose), [H""], manganese(II), surfactants (SDS and TX-lOO) and 
salts (NH4Br, LiBr, and NaBr) to elaborate their possible roles in the 
chromic acid oxidation of carbohydrates which are discussed in 
Chapter -3 . The values of rate constants were found to be 
independent of the initial concentration of chromium(VI) showing a 
first-order dependence of the rate of reaction on [oxidant]. 
It was further observed that the dependence of rate of reaction 
on different variables in presence of SDS or TX-lOO was similar to 
that of aqueous medium. Therefore, it is inferred that the mechanism 
is the same in both the media. 
The mechanisms which account for all the experimental data 
for the oxidation of the carbohydrates are given in the following 
Schemes 1 and 2. 
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The ef fec t of SDS and TX-lOO on the rate constants for the 
chromic acid oxidations are presented in Figs. 1-6, The reactions 
occurring in the presence of micelles fol low Scheme 3. ^ 
(Cr(Vl))w + (carbohydrate) , 
Kx +Dn Kn +Dn Products 
k. (Cr(Vl))„, + (carbohydrate) , 
Scheme 3 
The values of km and binding constants (Kx and Km), obtained using a 
computer program, are given in Table-1. 
Most of the micellar mediated organic/inorganic reactions are believed 
to occur either inside the Stem layer or at the interface between micellar surface 
and bulk water solvent (interfacial region of Stem and Gouy-Chapman layers). 
The main factor involved in the kinetic micellar effects is the increased 
concentration of reactants into a small volume through electrostatic and 
hydrophobic interactions. Due to the different properties of micellar 
pseudophase, it is not possible to locate the exact site of reaction precisely 
but, at least, localization of reactants can be considered. The observed 
pseudo-first-order rate constants in the micellar media (1^) are higher in 
comparison to that in water (k^bs). HCIO4 is a strong acid and dissociates 
completely. Therefore, due to the electrostatic interactions between the 
anionic head groups of SDS micelle and H^, the local concentration of H^ 
increases in the Stem layer. The reactants, namely, chromic acid and 
carbohydrates, may be expected to partition/associate between the aqueous 
and the micellar phases. Normally, chromic acid is involved in the acid-
base equilibria. HCr04~ will be repelled by the anionic micelles but 
H2Cr04 and H^ shift the equilibrium toward HCrOj^ formation which will 
now be located predominantly in the Stem layer forming an ion-pair with 
-OSOi". Associated HCrOs^ forms an intermediate with the anomeric 
TABLE 1: 
Kinet ic resul ts for the chromic acid ox ida t ion of carbohydra tes 
by chromium(VI) in SDS and TX-lOO mice l les at 60 
Carbohydra te l^ m Kx Kn 
(s-') (mol"' dm^) ( m o r ' dm^) 
D(+)-xylose 8.4(9.7)xlO-^ 136(144) 77(78) 
L(+) a rab inose 1.6 (2 .3)x l0 '^ 172(114) 91(75) 
D(+)-g lucose 0.8 (3.3) X 10-^ 98 (54) 44(70) 
D-mannose 7.0 (3.1)xlO-^ 86(58) 84(75) 
D- f ruc tose 1.9(2.4)xl0-^ 144(122) 77 (74) 
L- sorbose 1,4 (2 .8)xl0 '^ 172(46) 84(76) 
V a l u e s in paren theses pertain to TX-lOO mice l les 
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Fig.2; E f f e c t of [ s u r f a c t a n t ] on the rate cons tan t f o r the ox ida t ion of 
a rab inose by chromic acid. Conditions: c h r o m i c acid (= 4.0 x 
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Fig .3 : E f f e c t of [ su r f ac t an t ] on the rate cons tan t fo r the ox ida t ion of 
g lucose by c h r o m i c acid. Conditions: c h r o m i c acid (= 4.0 x lO"'^  
mol dm"^), [g lucose ] (= 30.0 x 10"^ mol dm"^), and HCIO4 
(= 0.58 mol dm"^) at 60 °C. 
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Fig.4: E f f ec t of [ su r f ac t an t ] on the rate cons tan t for the ox ida t ion of 
mannose by c h r o m i c acid. Conditions: ch romic acid (= 4.0 x iO""^  
mol d rn 'O , [mannose ] (= 30,0 x 10'^ mol dm"^), and HCIO^ 
{= 0.58 mol dm"^) at 60 
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F ig .5 : Ef fec t of [ s u r f a c t a n t ] on the rate cons t an t for the ox ida t ion of 
f ruc tose by ch romic acid. Conditions: ch romic acid {= 4.0 x 10 
mol [ f r u c t o s e ] (= 30.0 x 
(= 0.58 mol dm~^) at 60 
10"^ mol dm" ' ) , and HCIO4 -3 
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Fig.6: E f fec t of [ su r f ac t an t ] on the rate cons tan t for the ox ida t ion of 
sorbose by ch romic acid. Conditions: c h r o m i c acid (= 4.0 x 10"^ 
mol d m " ' ) , [ so rbose ] (= 30.0 x 10"^ mol dm '^ ) , and HCIO4 
0.58 mol 6 m - ' ) at 60 ^C, 
13 
- O H of carbohydrates. The micelles thus help in bringing the 
reactants together which may orient in a manner suitable for the 
ester formation. 
Regarding catalysis in presence of TX-lOO, hydrogen bonding 
between the nonionic micelles and the reactants seems to play an 
important role. Due to this, concentration of both the reactants into 
the small volume of the hydrophilic part of the TX-lOO micelles 
takes place. Therefore, the associated carbohydrates and H2Cr04 
with nonionic TX-lOO micelles (through hydrogen bonding) 
seemingly facilitate formation of the chromate-ester (a characteristic 
feature of the mechanism of chromium(VI)-organic substrate 
reactions). 
Salts have shown the usual e f fec t ( inhibi t ion) on the 
react ion rates of chromium(VI) with the carbohydra tes in the 
presence of anionic micel les of SDS. The reason for this 
observat ion may be as follows.^ Presence of cat ions around the 
Stern layer may resul t in the decrease of sur face potent ia l of 
the micel le , which in turn excludes the reactant species from 
the Stern layer as well as f rom the micel lar sur face . This will 
give rise to deplet ion of reactants in the micel lar phase; hence, 
the re tardat ion of the rate with increasing concent ra t ion of 
sal ts . 
E f f ec t of tempera ture on the react ion rates was s tudied to 
evaluate act ivat ion parameters (Ea, AH^ and AS^). Compar i son 
between the act ivat ion parameters in SDS and TX-lOO with the 
aqueous medium clearly indicates that the micel les act as 
ca ta lys ts and provide new react ion path with lower Ea values . 
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B I B L I O G R A P H Y 
1 
Q C N E £ A L m X R O D U C T I O W 
A. SURFACTANT AND SURFACTANT MICELLES 
The l iving ceil conta ins a large number of par t ic les 
composed of m o l e c u l e s / The par t ic les assoc ia te to form 
subcel lu lar bodies such as mi tochondr ia and ch loroplas t s . Thus, 
l i fe p rocesses proceed mainly within compl ica ted assemblages of 
molecu les ra ther than in the free solut ion (where control of the 
react ions would be d i f f i cu l t ) . A knowledge of chemical behavior 
inside molecular aggregates is essent ia l to the unders t and ing of 
these organized biological processes . 
The study of chemical react iv i ty at in te r faces occupies an 
impor tant p lace in chemistry.^ Elec t ron t ransfer , ion t rans fe r , and 
proton t rans fe r at the in te r faces be tween two immisc ib le phases 
are fundamenta l ly important in unders tanding processes such as 
l iquid chromatography , phase - t rans fe r ca ta lys is , drug del ivery 
prob lems in pharmacology , and d i f fe ren t phenomena in 
membrane biophysics . The uptake of pol lu tants by water c louds , 
an impor tant a tmospher ic phenomenon , involves reac t ions such as 
ionizat ion at the water l iquid /vapor in te r faces . 
The domain of sur face science is perhaps one of the most 
in terd isc ip l inary areas of modern science and technology . Rapid 
advances in the unders tanding of sur face phenomena have taken 
p lace only dur ing the last few decades, a l though the impor tance 
of sur face science has been recognized for more than a century. 
If we look closer to the Earth, we find that it is full of 
objects; and that each object is surrounded by a surface or an 
interface. All of these interfaces can be grouped in f ive major 
classes, namely, gas/l iquid, l iquid/liquid, solid/l iquid, solid/gas and 
solid/solid. Every object is surrounded by one or more of these 
basic f ive interfaces and all of these interfaces have a common 
property called interfacial tension or interfacial free energy. There 
is a class of compounds called surface active compounds (or 
surfactants)^ that decreases strikingly the interfacial tension or 
interfacial free energy of these in te r faces / '^ 
The sur face act ive agents or sur fac tan t molecu les are 
amphiph i l i c in character , i .e., they possess hydrophi l ic and 
hydrophobic regions in their m o l e c u l e s . T h e y have a long 
hydrocarbon tail and a re la t ively small ionic or polar head group. 
Amphiph i l e s can be ionic (cat ionic , anionic) , zwi t tc r ionic , or 
nonionic depending on the nature of their head groups. The 
sur fac tan t s tend to accumula te at the in ter face of immiscible 
f lu ids with a marked inf luence resul t ing in decrease in f ree 
energy which is re f lec ted in a cor responding lower ing of 
in te r fac ia l tension that fac i l i ta tes emuls i f i ca t ion of the 
immisc ib le f lu ids and hence such compounds are also known as 
emuls i f i e r s . 
Research on sur fac tan ts is a rapidly deve lop ing field due to 
their success fu l appl ica t ions in many important appl ied and 
fundamenta l sc ience like pe t ro leum oil recovery , water and 
envi ronment pol lu t ions , unders tanding the mys ter ious role of 
b io logica l membranes , b io technology , and other sys tems. 
The science of sur fac tan t behavior in solut ion is a rapidly 
deve lop ing f ield with its wide appl ica t ions in d i f f e ren t industr ies , 
medical sc iences , l ife sciences , analyt ical chemis t ry , pol lut ion 
control and even in the f ie lds of physics and engineer ing . 
Researches on sur fac tan t behavior are complete ly 
mul t id i sc ip l inary in nature . 
Classification of surfactants 
Depend ing on the charge of head groups the su r fac tan t s are 
c lass i f ied as: 
(i) Cationic: The cat ion is the su r f ace - ac t i ve species of the 
compound . Qua te rnary ammonium salts are the ma jo r compounds 
in this ca tegory . 
Examples 
C e t y l t r i m e t h y l a m m o n i u m bromide : 
CH3(CH2)i5N"(CH3)3 B r " 
Dodecv Ipyr id in ium ch lor ide : 
W 
V J ' 'c,2H25 c r 
(ii) Anionic: The anion is the su r face ac t ive spec ies . Under this 
ca tegory of su r fac tan t s , a lky lbenzene su l fona t e s con t inue to be 
the m a j o r p roduc t s a long with fa t ty a lcohol s u l f o n a t e s and fatty 
alcohol e ther su l fona te s . 
Examples 
Sodium dodecyl su l fa te : CH3(CH2)ii0S03" Na^ 
Potass ium laura te : CH3(CH2)ioCOO" K^ 
Hexadecy l su l fon i c acid : CH:iiCU2)\sS0f H^ 
(ii i) Nonionic: Non ion ic su r fac tan t s do not have any surface 
charge. The wa te r - so lub le moiety of this type can contain 
hydroxy] groups or a po lyoxye thy lene cha in . This ca tegory 
cont inues to be domina ted by e thy lene oxide adducts of 
a lky lpheno l s and fat ty a lcohols . 
Examples 
Polyethyleneglycol-^octylphenyl ether: /-Oct>C6H^-(OCH2CH2)xOH 
Alkyl phenol ethoxylates : CH3(CH2)niC6H4(CH2-CH2-0-)n-0I 
(iv) Zwitterionic: Ampho te r i c or zwi t t e r i on i c su r f ac t an t s can 
behave as e i ther an ionic , non- ion ic , or ca t ion ic spec ies , 
depend ing on the pH of the so lu t ion . 
Examples 
N - d o d e c y l - N : N - d i m e t h y l be ta ine : C 
3 - ( d i m e t h y l d o d e c y l a m m o n i o ) p ropane-1 - s u l f o n a t e : 
CHj(CH2)MN"(CH_7)2CH2-CH2-CH2SO:r 
S u r f a c t a n t s con ta in ing p e r f l u o r i n a t e d h y d r o p h o b i c moie t ies 
are used in a wide var ie ty of app l i ca t i ons , r ang ing from f i re-
ex t ingu i sh ing media to e l ec t rop la t ing add i t i ve s and water -
o 
repe l len t f ibe r coa t ings . Most in t e res t ing ly , they have a t t rac ted 
much a t t en t ion in b io log ica l and medica l r e sea rch , espec ia l ly in 
the e f f o r t s to deve lop new subs t i tu t e s for blood.^ 
Inves t iga t ion of react ion m e c h a n i s m in o rgan ized 
a s sembl i e s is be ing increas ing ly car r ied out in view of the 
interest der ived from rea l iza t ion that many b io log ica l p rocesses 
proceed in a m i c r o h e t e r o g e n e o u s sys tem which con ta ins an 
aqueous and l ipophi l ic m o i e t y / ' A m o n g the b iochemica l 
func t ions , the redox p rocesses represen t r eac t i ons of pr imary 
impor tance . 
Ionic co l lo ida l a s sembl ies , e .g. , mice l l e s , m ic roemul s ions . 
h e m i m i c e l l e s ( so l lo ids ) , b i layers and ves i c l e s are be l i eved to be 
mime t i c agen ts for m e m b r a n e s in b io log ica l sys t ems . It has also 
been observed that , there are s t ructural s imi lar i t ies between 
g lobular pro te ins and spherical micel les , and ana logies be tween 
the ca ta ly t ic e f f ec t s of enzymes and func t iona l mice l les and 
be tween micel lar cata lysis and phase- t rans fe r ca ta lys i s . ' ' " ' ^ For 
these reasons , numerous inves t iga tors have focused at tent ion on 
micel les and react ions in micel lar media . 
M i c e l l e s , m i c e l l a r s t r u c t u r e and p r o p e r t i e s 
In polar solvents such as water , amphiphi l ic sur fac tan t 
monomers assemble to form a micel le in such a way that their 
hydroca rbon tai ls huddle in the core of the micel le , and the polar 
head groups pro jec t outwards into the polar bulk solut ion and 
locate at the mice l le -water in te r face such that the hydrophobic 
tai ls are shielded f rom water . 
Micel les are of ten drawn as stat ic s t ruc tures of spher ical 
aggrega tes of or iented sur fac tan t molecules . However , micel les 
are in dynamic equi l ibr ium with sur fac tan t monomers in the bulk 
which are constant ly being exchanged with the sur fac tan t 
molecules in the micel les . The equi l ibr ium between monomer and 
aggrega te is es tabl ished within a few mi l l i seconds . At 
equi l ib r ium the number of micel les formed in a given t ime is 
equal to the number of micel les d is in tegra ted in the same t ime. 
Addi t iona l ly , the micel les themselves are cont inuously 
d is in tegra t ing and re fo rming . The kinet ics of mice l l iza t ion have 
been s tudied by var ious techniques such as s topped- f low, 
t empera tu re - jump, p res su re - jump and u l t rasonic absorpt ion . 
Polar i ty and water content in d i f fe ren t regions of the 
micel le play an important role in the rate of react ion in these 
regions . The su r face layer of a micel le resembles a concentra ted 
e lec t ro ly te solut ion with a d ie lec t r ic constant lower than that of 
the bulk water . The micel lar phase is less polar than water and 
the ionic micel les have a polar i ty near to that of pure e thanol 
even at the Stern l a y e r . A n increase in the aggregat ion 
number causes a decrease in the surface polarity.^' ' 
In case of ionic micel les (Fig.1 .1) , e lect r ica l charge on a 
micel le is neutra l ized by counter ions in the e lectr ical double 
layer around it. The f irst layer immediate ly ad jacen t to its 
su r face is called Stern layer.^^ In this layer the counte r ions are 
adsorbed so s trongly that there is no thermal agi ta t ion and they 
migra te together with the col lo idal micel le in an e lect r ica l f ie ld. 
Accord ing to the most widely accepted model , head groups of 
sur fac tan t molecules also s i tuate in this layer. The remainder of 
the double layer is called the d i f fu se (Gouy-Chapman) layer since 
the ions are d i f fused into the bulk solut ion as a consequence of 
the thermal mot ion. The decrease in counter ion concent ra t ion 
with the d is tance f rom the micel la r su r face has an exponent ia l 
form.^^'^^ The core radius is about the length of the ful ly 
extended alkyl chain of the amphiphi le . The core is bel ieved to 
consis t of two regions , namely the inner and outer core. The 
outer core conta ins approximate ly the f i rs t four methylene 
groups . There is also another def ined region within micel les 
cal led pa l i sade layer (mant le) which includes the head groups and 
the f irst few methylene groups . On the basis of the Har te ly 
model , the overal l vo lume of a micel le is approximate ly twice 
that of the Stern layer. 
C r i t i c a l m i c e l l e c o n c e n t r a t i o n ( c m c ) 
Amphiph i l e molecules exist in di lute solut ions as 
individual species in the media and these solut ions have 
comple te ly ideal physical and chemical proper t ies . As the 
A q u e o u s 
bu lk phase 
+ 
+ 
+ 
S t e r n l a y e r 
G o u y - Chapmo n—>.{ 
d o u b l e l a y e r 
F ig .1 .1 : Model of a typica l ionic micel le showing the loca t ion of head 
groups (©), s u r f a c t a n t chain and coun te r ions (+), 
amphiphi le concent ra t ion increases , these proper t ies deviate 
gradual ly f rom ideali ty and at the concent ra t ion where 
aggrega t ion of monomers into micel les occurs , an abrupt change 
is observed (Fig .1 .2) . This concent ra t ion is called the cri t ical 
micel le concent ra t ion (cmc) . 
cmc values are a f fec ted by d i f fe ren t fac tors , e.g., 
t empera ture , the length of the hydrocarbon tai l , the nature of the 
counter ions and the exis tence of salts and organic addi t ives ; and 
thus amphiphi les have charac ter i s t ic cmc values under given 
c o n d i t i o n s . D u r i n g the format ion of mice l les head group 
repuls ions are balanced by hydrophobic a t t rac t ions ; and for ionic 
mice l les , also by a t t rac t ions between head groups and counter 
ions. Hydrogen bonds can also be formed between ad jacen t head 
groups.^^-^' 
At concent ra t ions below the cmc, ion pairs or submice l la r 
aggrega tes of sur fac tan t molecules may exist/^"'*^ Their 
fo rmat ion can be reduced by the addi t ion of salts to the media . 
Depend ing on the nature of the solvents and sur fac tan t s , other 
kinds of assembl ies can also be formed. 
Mice l les are capable of holding two reac t ive species 
together for a longer period of t ime than homogeneous so lu t ions . 
As a result of this cage e f fec t , the probabi l i ty of reac t ions and 
hence the reac t iv i t ies are increased. For example , due to the 
compar tmenta l i zat ion of the radical pair, the geminate character 
of t r ip le t -der ived geminate radical pairs or radical ion pairs 
seques tered in a micel lar envi ronment can of ten be retained for 
su f f i c i en t ly long t imes that the radical pair can access the singlet 
su r face in pho toreac t ions . This leads to closed shell products . 
10 
C M C 
f ( c ) 
Fig.1 .2: Change in phys ica l p roper ty as a func t ion of su r fac tan t 
concen t ra t ion (c). 
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The preor ien ta t iona l e f fec t , i.e., the capabi l i ty of micel les 
to so lubi l ize subst ra tes in spec i f ic or ienta t ions is one of the most 
impor tant fac tors that fac i l i ta tes the react ions and provides 
control over regio- and s te reose lec t iv i ty . A favorab le locat ion 
and or ien ta t ion of the subst ra te in micel les can lead to an 
increase in its react iv i ty . ^ 
B. THE P S E U D O P H A S E M O D E L 
Micel le cata lyzed react ions had become an area of rapidly 
increas ing interest and a number of ext remely important 
the rmodynamic and kinet ic s tudies of organic reac t ions have been 
pe r fo rmed in micel lar solut ions . There is extens ive evidence on 
the abil i ty of aqueous micel les and other associa t ion col lo ids to 
in f luence react ion rates and equi l ibr ia , and concent ra t ion , or 
deple t ion , of reactants in the in ter fac ia l region have majo r e f f ec t s 
on the rates of r e a c t i o n s . H o w e v e r , this region d i f f e r s f rom 
water as a react ion m e d i u m , w h i c h can a f fec t rates of 
spontaneous react ion. The e f fec t s depend on the t r ans fe r of 
subs t ra te f rom water to micel les , the react ion mechan i sm, and 
proper t ies of the in ter fac ia l region, e.g., local charge , and 
polar i ty and water content , which are lower than in water . 
Spontaneous reac t ions that are accelera ted by decreases in 
solvent polar i ty , e.g., anionic decarboxyla t ion and 
dephosphory la t ion , are mice l la r -acce le ra ted , and most 
spontaneous hydro lyses that are accelera ted by increases in 
solvent polar i ty are micellar-inhibited.^^"^^ 
Har t ley analyzed micel lar e f f ec t s on equi l ibr ia and showed 
that anionic micel les increased and cat ionic mice l les decreased 
the p ro tona t ion of indicator bases.^^ He ra t ional ized this behavior 
in te rms of the abil i ty of micel les to incorpora te a nonionic 
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indicator , and depending on the micel lar charge, to at t ract or 
repel hydrogen ions. The same ra t ional iza t ion can be appl ied to 
the e f f ec t s of ionic micel les upon rates of react ions of nonionic 
subs t ra tes with ionic reagents . 
Associa t ion col loids have in ter fac ia l regions conta in ing 
ionic or polar head groups and ionic and polar solutes may be 
incorpora ted in this region. Micel les are assumed to have apolar 
cores which exclude polar and ionic solutes and in ter fac ia l 
regions which are access ib le to these solutes and to water . 
Cons idera t ion of the d imens ions of head groups and apolar tai ls 
indicates that the volume of the in ter fac ia l region is 
approximate ly half that of the total micel le . Solut ions of di lute 
su r fac tan t s are isotopic , but there is extens ive physical evidence 
that they are d ispers ions of submicroscopic par t ic les which form 
a micel la r pseudophase dist inct f rom the aqueous pseudophase . 
The in ter fac ia l region is highly anisot ropic , and in ionic micel les 
there is cons iderable neut ra l iza t ion of head groups by 
counter ions . 
In 1959, Duyns tee and Grunwald^ ' showed that anionic 
su r fac tan t s inhibit whi le cat ionic sur fac tan ts enhance the rate of 
a lka l ine fad ing of some t r iphenylmethane dyes and su l foph tha le in 
indicators . This seminal paper marked the beginning of the still 
rapidly growing field of micel lar catalyzed reac t ions as models 
for enzyme cata lyzed reac t ions^^ but the field expanded rapidly 
to include micel lar induced regio and s te reo-se lec t iv i ty , and 
photochemis t ry , focussed in par t on energy s torage and 
convers ion and ar t i f ic ia l pho tosyn thes i s . 
A large number of mice l la r catalyzed react ions and all 
indicator equi l ibr ia involve ions, of ten hydroxide or hydronium 
ions, that a lso act as counter ions to micel les . Two approaches are 
n 
used to descr ibe their dis t r ibut ion. The sur face potent ia l model 
which success fu l ly predicts the direct ion and extent of the shift 
in apparent pKa of smaller bound indicators^^'^^ and accounts for 
the large e f fec t of added non-reac t ive counter ions on the rates of 
b imolecular reac t ions and apparent pK^s.^^'^'^ However , because 
the model t reats all ions as point charges, it fa i l s to account for 
speci f ic salt e f fec t s . 
The ion exchange model views the micel le sur face as a 
loosely cross- l inked ion exchange resin and assumes that the 
micelle sur face binds counter ions se lect ive ly. '^ This approach is 
based, in part, on the Stern layer model for counter ion binding to 
micel les , f i rs t developed by Stigter^^, who in t roduced speci f ic 
adsorpt ion potent ia ls for counter ions to overcome the l imitat ions 
of Gouy-Chapman model. S t ig te r ' s physical picture is very 
s imilar to the counter ion condensa t ion model developed by 
Manning^^ for in terpre t ing the dis t r ibut ion of counter ions around 
polye lec t ro ly tes . Both models assume that monovalent 
counter ions are associated with the surface , but not bound to a 
site, and are f ree to move across the sur face . 
Early exper iments were carr ied out pr imar i ly in dilute 
aqueous solut ions of ionic micel les but later work includes the 
e f fec ts of microemuls ions , reverse micel les , monolayers , 
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and vesicles . Chaimovich and coworkers showed that the 
pseudophase ion exchange (PIE) model provides a unif ied 
approach for in terpre t ing many of these e f f e c t s / ^ This model 
assumes micel les act as a separate medium whose proper t ies are 
insensi t ive to solut ion composi t ion and that observed rate 
changes and pK^ shi f ts depend pr imari ly on the dis t r ibut ion of 
reactants , t rans i t ions states, and products be tween the aqueous 
and micel lar pseudophases . 
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The early observa t ions on micel lar e f f ec t s upon react ion 
rates and equi l ibr ia showed that it was usefu l to cons ider the 
water and the mice l les as if they were separate phases , and to 
assume that react ion could occur in the water and micel la r 
pseudophases.'^'®^'^^ React ions in the micel lar and aqueous 
pseudophases generated by ionic sur fac tan ts are tak ing place in 
media that are nei ther un i form nor e lect r ical ly neutra l . There are 
concent ra t ion gradients of ionic, and probably also of nonionic , 
reactants at the micel lar sur face , a l though the s imple PIE 
model^^'^^'^^ assumes that concent ra t ions fo l low step func t ions . 
Mice l les are assumed to have "hydrocarbon l ike" inter iors 
sur rounded by a Stern layer conta in ing hydra ted head groups 
neut ra l ized by a f rac t ion of their hydrated counte r ions and free 
w a t e r . T h e outer sur face of the Stern layer is taken as the 
phase boundary , but its exact locat ion is not cr i t ica l . The 
remain ing counter ions are in the Gouy-Chapman layer ex tending 
radia l ly into the aqueous phase. The react ion si te within the 
micel lar pseudophase is assumed to be the Stern layer. A large 
number of s tudies indicate that micel lar bound subs t ra tes , usual ly 
polar organic molecules , are in an envi ronment of modera te 
polar i ty s imilar to that of e thanol and not the apolar env i ronment 
expected for the hydrocarbon core.*^'^^ Final ly , the d is t r ibut ion 
of all reactants between the two-phases is a lways at equi l ib r ium 
because their d i f fu s ion rate is orders of magni tude fas ter than the 
rate of reaction.^^ 
The e f fec t of ionic micel les on the rates of b imolecular 
reac t ions is due to increased concent ra t ion of two reactants 
wi th in the small vo lume of the micel lar S tern- layer . '^ This e f fec t 
is especia l ly important in react ions that imply the attack of an 
organic subst ra te by an ionic reac tant . Simple e lec t ros ta t ic 
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cons idera t ions predict that the cat ionic micel les will enhance 
reac t ion rates by negat ive ions whi le anionic mice l les ca ta lyze 
react ions involving posi t ive ions. '^ 
Menger and Portnoy^^ developed a quant i ta t ive t rea tment of 
the k ine t ic e f fec t s of micel les on un imolecu la r reac t ions which 
was based on the pseudophase model . This model cons iders the 
total vo lume of micel les as separate phase. Provided that 
equi l ib r ium is mainta ined between the aqueous and micel lar 
pseudophases (des ignated by subscr ip ts w and m) the overal l 
react ion rate will be the sum of rates in water and the mice l les 
and will the re fore depend upon the d is t r ibut ion of reactants 
be tween each pseudophase and the appropr ia te rate cons tants in 
the two pseudophases . Scheme 1.1 descr ibes subst ra te 
d is t r ibut ion and react ion in each pseudophase . 
In the scheme, Dn denotes micel l ized sur fac tan t ( = [ D ] -
cmc), S is substra te , k'w and k '^ are f i r s t -o rder - ra te constants , and 
Ks is the b inding constant . 
nD Dn + 
k' 
Scheme 1.1 
K 
Products 
k' m 
The rate equat ion for the Scheme 1.1 is given by 
- c i ( [ S . ] + [Sn.]) - d [ S ] , 
dt dt 
( I . l ) 
d[P] 
dt 
and 
(1.2) 
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d[P] 
= k\v[Sw] + (1 .3) 
dt 
where [S]t is the s t o i ch iome t r i c concen t r a t i on of the subs t ra t e at 
t ime t. (Here , and e l s ewhere , the quan t i t i e s in squa re b racke t s 
deno t e mola r i ty in t e rms of total so lu t ion vo lume , wh ich is 
a p p r o x i m a t e l y tha t ' of the aqueous p s e u d o p h a s e ) . The obse rved 
rate cons tan t for the p roduc t f o rma t ion , kv^ ;, is g iven by: 
-d[S], / 
= / [ S ] t = k , F w + k'n, F^ (1 .4) 
dt ^ 
whe re Fw and F^ are the f r ac t i ons of the u n c o m p l e x e d and 
c o m p l e x e d subs t ra te . O f t e n , for a p s e u d o - f i r s t - o r d e r p roces s [Dn] 
>>[Sni] and Fm is cons tan t . The equ i l ib r ium cons tan t , Ks, can be 
exp re s sed in t e rms of concen t r a t i ons and a lso in t e rms of the 
f r ac t i ons of the complexed and u n c o m p l e x e d subs t r a t e : 
m [ S J F, 
K s = = (1 .5) 
( [ S ] t - [ S . ] ) [Dn] [D„] (1 - Fn,) 
Combinat ion of equat ions (1.4) and (1.5) and rearrangement leads to: 
K = (1 .6) 
1 + K s [ D , ] 
Equa t ion (1 .6) is s imi la r in fo rm to the M i c h a e l i s - M e n t e n 
equa t ion of enzyme k ine t ics and s u c c e s s f u l l y f i t s the s igmoida l 
ra te-^surfac tant p r o f i l e s of m i c e l l a r - c a t a l y z e d un imo lecu l a r 
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reac t ions ; i .e., k^ ,^ increases rapidly at the cmc and then pla teaus 
once all of the subs t ra te is bound. 
Equat ion (1.6) can be rearranged to the l inear d o u b l e -
rec iprocal form, s imilar to L ineweaver -Burke equat ion , which 
al lows both Ks and k '^ to be es t imated f rom the kinet ic data 
provided that k'w is known. 
+ (1.7) 
(k\v- k^) (k \ , - k'nO (k'w- k'nO Ks [D,] 
Equa t ions (1.6) and (1.7) depend on some major assumpt ions , 
e.g., that the cmc gives the concent ra t ion of monomer ic 
Surfactants and that rate and b inding constants in the micel lar 
pseudophase are une f fec ted by reactants and products . These 
equat ions have been used very extensively and provided the basis 
for quant i ta t ive analys is of micel lar rate e f fec t s . 
The b inding cons tants de termined k ine t ica l ly for some 
micel la r inhibi ted react ions agree reasonably wel l with those 
de te rmined d i r e c t l y a n d , at least for hydrophobic subst ra tes , 
are s imi lar in magni tude to e n z y m e - s u b s t r a t e b inding cons tants . 
Two other general ways of t rea t ing micel la r k inet ic data 
should be noted. To fit var ia t ions of rate constants and sur fac tan t 
concent ra t ion Piszkiewicz^^ used equat ions s imilar to the Hill 
equat ion of enzyme kinet ics to fit var ia t ions of rate cons tants and 
sur fac tan ts var ia t ion . This t rea tment d i f f e r s f rom that of Menger 
and Portnoy^^ in that it emphas izes coopera t ive e f fec t s due to 
subs t ra te -mice l le in teract ions . These in teract ions are probably 
very impor tant at sur fac tant concent ra t ions close to the cmc 
because solutes may promote micel l iza t ion or bind to submicel la r 
aggregates . Thus equat ion (1.6) and others s imilar to it do not fit 
the data for di lute sur fac tan t , especial ly when react ants are 
hydrophobic and can promote micel l iza t ion . 
Sr ivastava and Katiyar^^ have also developed equat ions 
which a t tempt to take into account the way in which reactant 
in terac t ions a f fec t react ivi ty in micel les . However , most workers 
have fo l lowed the original fo rmal i sm despite its approx imat ions . 
The s imple dis t r ibut ion model (equat ion (1.6)) adequate ly 
t reats mice l la r e f f ec t s upon un imolecu la r reac t ions and inhibited 
b imolecular reac t ions because these micel la r e f f ec t s can be 
t reated in terms of d is t r ibut ion of only one reactant between the 
aqueous and micel lar pseudophases . But this s imple model fails 
for micel lar catalyzed b imolecular react ions , where rate cons tants 
general ly go through maxima with increas ing sur fac tan t 
concent ra t ions . 
The quant i ta t ive t rea tments which treat micel lar cata lysis 
of b imolecular reac t ions depend on evidence that the micel les can 
be t reated as if they were a separate phase , and that the 
d is t r ibut ion of ionic or nonionic reactants between water and the 
micel les can be measured direct ly or es t imated indirect ly . The 
pseudophase descr ipt ion of micel lar cata lysis and inhibi t ion 
assumes that the relat ion between overal l react ion rate and 
sur fac tan t concent ra t ion , for a given total concent ra t ion of 
reactants , can be explained in terms of the concen t ra t ions of each 
reactant in water and in the micel les , and the rate cons tants in the 
aqueous and micel lar pseudophases . 
This can be done by extending equat ion (1.6) , and a s imple 
formal i sm involves wri t ing the f i r s t -order - ra te cons tants k'^ and 
k'n, in terms of second-order - ra te constants in water and micel les , 
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and reactant concent ra t ions in each 
However , one immediate ly runs into the problem of def in ing 
concent ra t ion in the micel lar pseudophase . One approach is to 
write concent ra t ion in terms of moles of reagent per dm^ of 
mice l les , or to assume some volume of the micel lar pseudophase , 
Vm, in which react ion takes place . The problem is s imilar to that 
of compar ing second-order - ra te constants , wri t ten convent iona l ly 
in the d imens ions mol'^ dm^ s ' ' , for a variety of solvents . The 
compar i sons will be complete ly d i f fe ren t if concent ra t ions are 
wri t ten in terms of molar i t ies or mole f rac t ions . 
Another approach is to def ine concent ra t ion in the micel lar 
pseudophase in terms of mole rat io. Concent ra t ion is then def ined 
unambiguous ly , and the equat ions take a s imple form.'^^' '^^ 
Scheme 1.2 shows react ion between the subs t ra te S and 
hD Dn + S, 
kv/ N, 
Ks 
Products ^ 
'm 
-m N m 
Scheme 1.2 
nucleophi le N (or any second reactant) . The second reactant is 
genera l ly in large excess over the subst ra te es tab l i sh ing pseudo-
f i r s t -o rder condi t ions , so that 
k \v kw [Nw] 
I g 
km = km mN 
( 1 . 8 ) 
(1.9) 
where kv^  and k^ are second-order - ra te constants for react ion in 
aqueous and micel lar pseudophases , respec t ive ly , and m^ is the 
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m o U ra t io of mice l la i bound reac t ive nuc leoph i le to micelUzed 
sur fac tan t given by 
h in ' = [ N J / [ D , ] (1 .10) 
Subs t i tu t ing equat ions (1.8) and (1.9) in equat ion (1.6), we get 
kw [Nw] + k ^ K s m N ^ [Dn] 
k^ ( I . I I ) 
l + K s [D„] 
( 1 . 1 2 ) 
1+Ks [D„] 
These , or s imilar , equat ions readi ly explain why f i r s t -order - ra te 
cons tants of mice l le -ass i s ted b imolecular reac t ions typical ly go 
through maxima with increas ing sur fac tan t concent ra t ion if the 
overal l reactant concent ra t ion is kept cons tant . Addi t ion of 
sur fac tan t leads to binding of both reactants to mice l les , and this 
increased concent ra t ion increases the react ion rate. Eventual ly , 
however , increase in sur fac tan t concent ra t ion di lu tes the 
reactants in the micel lar pseudophase and the rate fal ls . This 
behavior supports the original assumpt ion that subst ra te in one 
micel le does not react with reactant in another , and that 
equi l ibr ium is mainta ined between aqueous and micel lar 
pseudophases . 
Equat ion (1.11) or (1 .12) and others , which are essent ia l ly 
ident ical but are wri t ten in d i f fe ren t ways, can be appl ied to 
b imolecular micel le-ass is ted react ions provided that the 
d is t r ibut ion of both reactants can be de termined . 
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The f inal form of the kinet ic equat ion (1.11) will depend 
upon the proper t ies of the second reactant : whether it is a neutral 
molecule , a hydrophi l ic or hydrophobic coion, a counter ion to the 
micel le , or in the complex sys tems, an anion of a weak organic 
acid XH. 
C. CHROMIUMrVD OXIDATION OF CARBOHYDRATES 
The deve lopment of the new f ie lds of env i ronmenta l , 
b io inorganic , and ecological chemis t ry has p romoted changes in 
unders tand ing chemist ry curr icula . There fore , in recent years , 
topics related to coordinat ion chemist ry in biological sys tems 
have become re levant in chemical subjec ts . 
Hexavalent chromium, in many d i f fe ren t compounds , is a 
wel l -es tab l i shed carc inogen and m u t a g e n . T h e r e is, 
the re fore , an apprec iable interest in de te rmining the mode of 
act ion of chromium species derived f rom initial Cr(VI) 
T ri ft 
compounds taken into the body. Until now, the major 
coordina t ion sites involved in chromium binding in natural 
sys tems have been found to be hydroxyl and thiol donors , which 
form stable esters with chromate and s tabi l ize Cr(VI) 
in termedia tes af ter fur ther in teract ion with b iological 
reductants.^®^"'^^ For this reason, some sugars , or their 
der iva t ives play an important role in the chemis t ry of Cr(VI) , 
especial ly in the environment.^'"* 
The observation of chromium(V) and chromium(IV) 
intermediates in the selective oxidation of organic substrates by 
chromium(VI) and their implication in the mechanism of 
C r - i n d u c e d cancers has generated a considerable amount of 
interest in their c h e m i s t r y ' a n d b iochemis t ry ."^ '^® The 
biological reduction of Cr(VI) to lower states has been observed 
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with a wide variety of naturally occurring cellular reductants.^^'"'^^ 
Ligands that possess (wo oxygen atoms able to form f ive-
membered r ings about the metal ion, such as 1,2-diols and 
a - h y d r o x y a c i d s , are e f f ec t ive as non-enzymat ic reductants and 
complexa t ion agents towards hypervalent chromium and can 
s tabi l ize the labile oxidat ion states of c h r o m i u m . ^ F o r 
this reason sugars , or their der iva t ives , may play an important 
role in the chemistry of Cr(VI) . Aldonic acids (or their lac tones) 
have been found as metabol ic in termedia tes in an imals and 
plants , as products of the action of mic ro -o rgan i sms on 
carbohydra tes and as cons t i tuents of acidic polysacchar ides . '^^ 
Sacchar ides belong to an in teres t ing class of chemical 
compounds that play important roles in humans , an imals , and 
plants by being present as essent ia l components of a variety of 
b io logica l molecules , namely, po lysacchar ides , g lycopro te ins , 
g lycol ip ids , nucleic acids, etc. They are fur ther important due to 
their wide occur rence and mul t ihydroxy func t iona l i ty that al lows 
coord ina t ion and chela t ion to many metal ions. As the sacchar ide 
moiety can be oxidized to a carboxyl ic acid group, it is 
in te res t ing to look at its abi l i ty to reduce Cr(VI) to Cr(III) , 
which may f ind re levance in the context of chromate reduct ion 
act ivi ty and also in the t ranspor t of metal ions through soil 
caus ing envi ronmenta l pol lu t ion . While the reduct ion of Cr(VI) 
by cel lular components causes cancer , the same by soil 
components induces transport of chromium f rom chemical 
disposal si tes to the envi ronment via the format ion of act ive 
soluble species , thereby caus ing envi ronmenta l po l lu t ion . 
Sacchar ides not only reduce Cr(VI) to Cr(III ) but also 
coordina te with the metal in the f inal p r o d u c t . B i n d i n g of 
sacchar ides through depro tonated hydroxy 1 groups and the 
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in f luence of s te reochemis t ry and chelat ion on the complex 
format ion have also been predic ted in case of i ron-sacchar ide 
complexes.^^^ Similar fac tors may govern the in terac t ion of 
var ious po lysacchar ides and other re levant b io -molecu les with 
chromate to induce cel lular toxic i ty and env i ronmenta l po l lu t ion . 
Saccharides are very attractive natural l igands for both toxic and 
essential metal ions. Besides acting simply as e f fec t ive chelators^^^, 
in many cases they are also reducing agents, e.g., for metal ions 
such as Ce(IV) '^^ depending on the 
acidity of the medium. There is also an indication that some 
saccharides, or their derivatives, may play an important role in the 
chemistry of chromium, specially in the e n v i r o n m e n t , w h e r e 
Cr(VI) may present a serious hazard because of its mutagenic and 
carcinogenic activity. It has been reported that the major 
coordinat ion sites involved in chromium binding in natural systems 
may be the hydroxyl (e.g., nucleic acids, polysacchar ides) and thiol 
(e.g., pept ides and proteins) donors. 
Chromate, the dominant form of chromium(VI) in neutral 
aqueous solutions, readily enters the cell using the ce l l ' s general 
anion transport system. Once chromate crosses over the initial 
barrier of the cell membrane, it may be reduced by aminoacids, 
ascorbic acids, carboxylic acids, molecules containing sulfhydry! 
groups and assorted other small m o l e c u l e s . T h e metabolism of 
chromate involves the generation of reactive intermediates which 
ult imately bind to cellular consti tuents and disrupt their funct ion in 
13 S 
the cell.'-^" Cr(VI) has a strong tendency to form chromic esters 
with substrates containing oxygen atoms, such as sugar and thiol 
groups, e.g., glutathione." ' '^^^ 
Chromium(VI) oxide is common reagent for the oxidation of 
organic materials . Consequently, mechanist ic interest in 
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chromium(VI) oxidations began with the inception of chemical 
kinet ics as a tool for studies of mechanism. 
The variety of species of chromium(VI) in acid solution, the 
presumed passage of chromium through transient, unstable species 
of oxidation numbers V and IV, and the formation of varieties of 
complexes of chromium(III) , all combine to give systems of 
considerable complexity. Recent developments of techniques for 
detect ing radical intermediates, studying fast react ions and 
separat ing product complexes of chromium(III) have made the 
continued study of various mechanist ic aspects of chromium (VI) 
oxidat ions extremely rewarding. 
A large number of investigations have been directed towards 
unders tanding the mechanism of chromic acid oxidation of organic 
substrates. All available information indicates that Cr(VI) is a 
strong oxidant which will react very rapidly with an available 
reducing agent. This conclusion is based both on kinetic studies and 
on the high value of the oxidation potential est imated for the 
Cr(IV)/Cr(III) couple (E'^ = 1.36V at pH = 0). 
The first systematic investigation into the mechanism of 
Cr(VI) reduction with organic substrates was provided by 
Westheimer. '^^ Studying the Cr(VI) reduction in water-acidic 
medium, he suggested that the first step of Cr(VI) reduction is an 
ester formation between the chromate and the substrate which is in 
fact a complexation of Cr(VI) by the substrate S. 
C r ( V I ) + S [Cr'^' S] (1.13) 
However, the Cr(VI) reduction might also proceed in systems where 
no Cr^' S formation takes place. Oxidation of many hydrocarbons 
and ethers by Cr(VI) fall in this category. 
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Systematic investigations into the mechanism of Cr(Vl) 
oxidation in acidic-water media were provided using most 
frequently the oxidation of 2-proponal as a model r e a c t i o n . O n 
the basis of numerous kinetic data, Watanabe and Westheimer 
proposed the fol lowing reaction scheme''^^ '''^, where formation of 
Cr(V) and (IV) as intermediates was assumed. 
Cr(Vl)+S • Cr(IV) + P (1.14) 
Cr(lV) + Cr(VI) — • 2Cr(V) (1.15) 
Cr(V) + S • Cr(IlI) + P (1.16) 
Scheme 1.3 
(P is the oxidat ion product) . 
In 1919 Plotnikov and later Morton '"^ observed that Cr(VI) 
reduct ion by alcohol is photosens i t ive . This fac t a l lowed Klaning 
and Symons''^"''''^^ and Mitewa and coworkers'"^^ to study the 
consecut ive steps of the photochemica l reac t ions in isolat ion 
(at - 190 °C) and to obtain exper imenta l data concern ing its 
mechanism. Klaning and Symons'"*'^'''^ have shown that the 
photoreduct ion of Cr(VI) proceeds via a two-e lec t ron t ransfer in 
the f r amework of complex [Cr (VI ) -a Icohor . 
The EPR data obtained for the system at 77 K showed that 
no Cr(V) nor radical format ion were observed. At the same time a 
blue colour developed on i r radiat ion, which is associated with a 
Cr(IV) species . 
In order to explain the exper imental fac t s avai lable showing 
the f ree radical fo rmat ion in some other redox sys tems containing 
Cr(VI)/^^- '^^ Rocek proposed another react ion scheme including 
both one- and two-e lec t ron processes 148.1 53 
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Cr(VI)+ S 
Cr(IV)+ S 
Cr(VI)+ R 
Cr(V)+ S 
• Cr(IV) + P6 (1.17) 
• Cr(III)+ R (1.18) 
• Cr(V) + P4 (1.19) 
• Cr(III) + P5 (1.20) 
Scheme 1.4 
where ft. is a f ree radical , and P are the oxidat ion p roduc t s of 
d i f fe ren t chromium species . The mechan ism is widely accepted 
for the oxidat ion of a ldehydes and alcohols (pr imary, secondary , 
ter t iary) in wate r -ac id ic medium by Cr(VI) is 
supposed to be highly e f fec t ive in oxidat ion processes connected 
with C-C c leavage, while Cr(V) is bel ieved to be respons ib le 
mainly for breaking of C-H bonds. 
R o c e k ' s group also pos tu la ted a three-e lec t ron mechanism 
for the co-oxidat ion of a lcohols and oxal ic acid (or some 
a - h y d r o x y acids) in water-ac id medium. 
Cr(VI) + S, • Cr '^ '^^^Si (1.21) 
S, 
S2 • Cr^^^ (1.22) 
S2 
Cr'^N^ • Cr(III) + R + P, + P2 (1.23) 
S2 
Cr(VI) + R • Cr(V) + P, (1.24) 
Cr(V) + S, • Cr(III) +P, (1.25) 
Cr(V) + S2 • Cr(III) + P2 (1.26) 
Scheme 1.5 
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(Si = oxal ic or a - hydroxy acid, S2 ^ alcohol and Pi , 
oxidat ion products ) . On the basis of kinet ic i so topic e f f ec t data it 
was proved that the r a t e - l im i t i ng step of the overal l react ion is 
C-H bond c leavage (equat ion (1.23)).'^^'^^® 
Another react ion scheme was proposed for the oxidat ion of 
aryl amines in acet ic acid solut ion including only one- e lectron 
steps. '^ ' - '^^ 
Cr(VI) + S • Cr(V) + R (1.27) 
Cr(VI) + R • Cr(V) + P (1.28) 
Cr(V)+ S • Cr(IV) + R (1.29) 
Cr(V)+ R ^ Cr(IV) + P (130) 
Scheme 1.6 
Accord ing to these specula t ions and based again on kinet ic data 
a lone, Cr(IV) thus formed is s table and does not par t ic ipa te 
fur ther in redox reac t ions . This scheme has been accepted far 
th ioca rbamide oxidat ion with Cr(VI)^^^ and for chromyl acetate 
reduct ion with a lkylaromat ic compounds in acet ic anhydr ide 
medium'^'^ where format ion of Cr(V) and f ree radica ls have been 
proved by means of EPR'^^'^^'* and induced polymerization.^^^ 
It is evident that the mechanism of Cr(VI) reduct ion 
depends s t rongly both on the nature of the subst ra te and the 
react ion medium. On the basis of kinet ic data only Rocek has 
proposed two d i f f e ren t mechanisms depending on the react ion 
condi t ions : at high Cr(VI) concent ra t ion in s t rong acidic medium 
Scheme (1.4) operates'^^'^^^ while at a lower Cr(VI) concentration 
and less acidic medium the three-electron mechanism of Scheme 1.5 
is preferred.^^''^^^ 
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Haigh t and coworke r s p roposed yet ano the r s cheme 
( S c h e m e 1.7) s imi la r to that of Wa tanabe and W e s t h e i m e r 
(Scheme 1.3). The only d i f f e r e n c e is that Cr (V) is supposed to be 
fo rmed as a resul t of Cr ( lV) d i sp ropo r t i ona t i on ins tead of a 
C r ( V I ) — C r ( I V ) reac t ion . 
Cr(VI) + S • Cr(I V) + P (1.31) 
2Cr(IV) • Cr(V) + Cr(III) (1.32) 
Cr(V) + S • Cr(III) + P (1.33) 
Scheme 1.7 
No o b j e c t i o n s to this m e c h a n i s m can be ra i sed on 
t h e r m o d y n a m i c g rounds ; the d i s p r o p o r t i o n a t i o n of c h r o m i u m ( I V ) 
should be fac i le and essen t ia l ly i r r eve r s ib le ; an equ i l ib r ium 
cons tan t of 7.6 x lO'^ fo r the reac t ion can be es t ima ted f rom 
ox ida t ion po t en t i a l s (+1 .34 and +2 .10V for the C r ( V ) / C r ( I V ) and 
Cr ( IV) /Cr ( I I I ) , respectively^^^'^^^). Howeve r , a ra ther se r ious 
ob j ec t i on to this m e c h a n i s m is that it r equ i res an a c c u m u l a t i o n of 
the Cr ( IV) in t e rmed ia t e in high enough c o n c e n t r a t i o n s to make 
its s econd -o rde r d i sp ropo r t i ona t ion poss ib le . This could happen 
only if the reduc t ion of Cr ( IV) by the subs t ra t e 
(Cr(IV) + S •Cr(III) + R ) were qui te s low. Hence the m e c h a n i s m 
(Scheme 1.7) requ i res a subs t ra t e which is un reac t ive t owards 
Cr ( IV) . Poss ib ly due to this reason the m e c h a n i s m is though t to 
opera te only for the ox ida t ion in wa te r m e d i u m of a res t r i c ted 
n u m b e r of subs t ra tes such as hydrazine'^^'^^^ or hyd roxy lamine ' ^^ 
k n o w n to act as two-e l ec t ron reductants*^^'^^^ and of ce r ta in o ther 
subst ra tesJ^^-^^ ' 
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Accord ing to other a u t h o r s ' t w o consecut ive two-
electron t ransfers may also take place that lead to the format ion 
of Cr( l l ) as fo l lows; 
Cr(Vl) + S • Cr(lV) + P (1.34) 
Cr(lV) + S • Cr(ll) + P (1.35) 
Cr(ll) is a strong reducing agent and is oxidized immediately either by 
atmospheric oxygen ^^ ^ 
Cr(II) — • Cr(III) (1.36) 
or by unreacted chromium (IV) 184 
Cr(lI) + Cr(IV) • Cr(V) + Cr(lII) (1.37) 
Cr(V) + S • Cr(lll) + P (1.38) 
Recent ly, the par t ic ipat ion of Cr ( l l ) as an in termedia te in 
the reduct ion of Cr(VI) to Cr(III) by a lcohols and other organic 
two-e lec t ron reductants has been p r o p o s e d , I t is also 
suggested that this in termedia te might play a cer ta in role in the 
development of chromium-induced carc inogenes is . 
D. S T A T E M E N T OF THE PROBLEM 
Chromium(VI) is a potent toxin and carcinogen'^^ ''^\ whose 
ability to produce DNA lesions and mutat ions has been 
established'^'^•'^^ This accused mutagenicity might be rather 
specific to Cr(Vl) , since the other members of the same periodic 
table group (molybdenum and tungsten) have failed to show a 
similar mutagenici ty in some bacterial experiments.'"^^ Given that 
Cr(VI) cannot react with isolated DNA in vitro under physiological 
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conditions' '^' '^®, it seems reasonable to assume that one or several 
of the intermediates ' ' ' "^^ ' or reaction products^®^'^^^ formed in its 
intracellular metabolism must be directly responsible for the 
mutageni t ic properties. Hence, in the last decade the interest of 
many researchers working on Cr(VI) has oscillated from the 
tradit ional field of reactions with nonbiological reductants''*^'^^'^ to 
that of reactions with biologically relevant molecules. Thus, the 
reactions of Cr(VI) with L-ascorbic with sulfhydryl-
containing amino acids^® '^^ ®^ and peptides^®^'^'" and with hydrogen 
peroxide^" '^ '^ have received some attention lately. 
The reaction of Cr(VI) with carbohydrates might also be of 
some biological i n t e r e s t . T h e kinetics of oxidative 
degradation of carbohydrates by di f ferent metal ions'^^'^'^"^^^ have 
been the subject of numerous studies to explore the chelating and 
reducing propert ies of carbohydrates under dif ferent condit ions. 
Reduction of chromium(VI) by carbohydrates is relevant in 
unders tanding the chemistry of chromium. The kinetics and 
mechanist ic aspects of the interaction of d i f ferent types of 
carbohydrates with Cr(VI) have been investigated by di f ferent 
workers under different condit ions. Detailed micellar effect on the 
chromic acid oxidation of carbohydrates has not been studied so 
far except a few reports by Sengupta^^^ and Das.^^^ It has been 
established that involvement of chromium(IV) as an intermediate 
during the reduction of chromium(VI) , can be confirmed by adding 
manganese(II).'^''''^^'^^®'^^' The present work was thus under taken 
in order to unders tand the role of both manganese( I I ) and 
sur fac tan t organized assembl ies (micel les) on the chromic acid 
oxidat ion of some carbohydra tes , i .e., D(+) -xy lose and 
L(+)a rab inose (a ldopentoses) , D(+) -g lucose and D-mannose 
(a ldohexoses) , and D- f ruc tose and L-sorbose (ke tohexoses) . One 
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cat ionic sur fac tan t ce ty t r ime thy lammonium bromide (CTAB) , one 
an ionic sur fac tan t sodium dodecy) su l fa te (SDS), and one 
nonionic sur fac tan t Tr i tonX-100 (TX-lOO), were used as 
represen ta t ives of their class. 
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M a t e r i a l s 
The chemica ls used throughout the study are listed in 
Table 2.1. All the sur fac tan ts (CTAB, SDS and TX-lOO) were 
used as rece ived. The oxidant (K2Cr207) was used as f inely 
ground powder dried for 2h at 110 °C. Rest of the chemica ls 
ment ioned in Table 2.1 were used wi thout fur ther pur i f i ca t ion . 
Inorganic salts were commerc ia l ly avai lable high puri ty 
chemica ls . 
P r e p a r a t i o n of s o l u t i o n s 
The water used to prepare solu t ions was dis t i l led twice over 
a lka l ine K M n 0 4 in an a l l -g lass (Pyrex) dis t i l la t ion set -up. The 
spec i f ic conduct iv i ty of the water was in the range (1-2) x lO'^S 
cm'V This water was used to prepare all the solu t ions of oxidant 
(K2Cr207), r educ tan t s (ca rbohydra tes ) , inorganic sal ts , su r fac tan t s 
and other reagents . 
The stock solut ions were prepared by weigh t . Aqueous 
solu t ions of carbohydra tes were prepared f resh each day. 
K i n e t i c m e a s u r e m e n t s 
The kinet ic exper iments were carr ied out at constant 
tempera tures control led within ±0.1 °C in an oi l -bath which was 
designed and assembled in the laboratory with commerc ia l ly 
avai lable components . A mixture conta in ing appropr ia te amounts 
of all the reactants (except oxidant ) was taken in a th ree-necked 
react ion vessel equipped with a doub le - su r face water condenser 
to prevent evapora t ion . The react ion vessel conta in ing the 
resul t ing solut ion was then immersed in the oi l -bath at the 
desired tempera ture and the solut ion was lef t to stand for 30 min 
to at tain equi l ibr ium. The react ion was then started by adding the 
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requ i s i t e v o l u m e of the rmal ly equ i l ib ra ted ox idan t (K2Cr207) 
so lu t ion . Pu r i f i ed N2 gas ( f ree f rom CO2 and O2) was bubbled 
th rough the reac t ion mix tu re for s t i r r ing as well as to ma in ta in an 
iner t a t m o s p h e r e . The zero t ime was recorded when half of the 
K2Cr207 so lu t ion has been added . The p rogres s of the reac t ion 
was f o l l o w e d s p e c t r o p h o t o m e t r i c a l l y by p ipe t i ng out a l iquo t s at 
r egu la r in te rva l s and m e a s u r i n g the decay in the a b s o r b a n c e of 
c h r o m i u m ( V I ) at 360 nm (the ^.^ax of c h r o m i u m ( V I ) ) with a 
Bausch & L o m b Spec t ron ic -20 . P s e u d o - f i r s t - o r d e r cond i t ions 
were ma in t a ined by keep ing the [ r e d u c t a n t ] t in excess . 
Va lues of the p s e u d o - f i r s t - o r d e r ra te cons t an t s in the 
absence (kobs) and p resence of su r f ac t an t s (k^) were ca lcu la ted 
f rom l inear p lo ts of l o g ( a b s o r b a n c e ) vs. t ime by l e a s t - s q u a r e s 
r eg ress ion ana lys i s of the data . Mul t ip l e k ine t ic runs showed that 
the data were r ep roduc ib l e wi th in ±3%. 
The dependence of kobs ov k^ was ob ta ined as a func t ion of 
[ox idan t ] , [H"^], [ r educ tan t ] , [Mn(I I ) ] , [ sur fac tan t ] , t empe ra tu r e , 
and [sal t ] . The resul t s are g iven in Chap te r -3 . 
D e t e r m i n a t i o n o f c m c by c o n d u c t i v i t y m e a s u r e m e n t s 
It is well known that the e lec t r i c conduc t iv i t y of ionic 
s u r f a c t a n t so lu t ions changes wi th concen t r a t i on at d i f f e r e n t ra tes 
be low and above the Su r fac t an t mo lecu l e s are 
c o m p l e t e l y d i ssoc ia ted at low concen t r a t i ons and the conduc t iv i t y 
inc reases l inear ly wi th an increase in concen t r a t i on up to cmc. 
A l though the conduc t iv i ty con t inues to inc rease as the 
c o n c e n t r a t i o n increases even beyond the cmc, the ra te of increase 
is low compared wi th that be low the cmc, because some of the 
coun te r ions are bound to the mice l l e , the reby caus ing a reduc t ion 
in the e f f e c t i v e charge of the mice l le . Thus , a plot of 
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conduct iv i ty against concent ra t ion below and above the cmc 
fu rn i shes two straight l ines which intersect at the cmc. 
The conduct iv i ty measurements of the SDS solut ions were 
made at 60 °C by a conduct iv i ty br idge ( type CM82T, ELICO, 
Hyderabad , India) using p la t in ized e lec t rodes (cell constant 
= 1.02 c m ' ' ) . Af te r measur ing the conduct iv i ty of the solvent 
( taken in a glass container which was immersed in the constant 
t empera tu re bath), small vo lumes of the SDS solut ion were added 
and the conduct iv i ty was noted af ter each addi t ion and ensur ing 
comple te mixing. The spec i f i c conduct iv i ty was calculated 
apply ing solvent correc t ions . Exper iments were carr ied out under 
d i f f e ren t condi t ions , i .e., solvent being water , water + reductant , 
and water -i- reductant + oxidant . The es t imated cmc values are 
recorded in Table 2.2. 
V i s c o s i t y m e a s u r e m e n t s 
The rela t ive v iscos i t ies (r|r) of so lu t ions left at the end of 
k ine t ic runs were obtained to get an idea about the type of 
mice l la r aggregates present in the react ion mixture at the 
comple t ion of the react ions . The Tir of these so lu t ions were 
obta ined against water using the re la t ion: 
Tlr = rii/Tio = d,t,/doto (2.1) 
where tii and di represent the viscosi ty and densi ty of the 
react ion mixture , r|o and do that of water at the exper imenta l 
t empera tu re and ti and to are the t ime of f low for the same 
vo lume of the react ion mixture and water , respec t ive ly . Densi ty 
cor rec t ions were not made, as these were negligible.^^^ 
There fo re , r|r was calcula ted by the rat io of ti and to-
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TABLE 2,2 : 
Critical micelle concentration (cmc) values of SDS in different solutions 
at 60 
Solutions 10'' cmc (mol dm" )^ 
Water 9.2 (8.2)' 
Water + D(+)-xylose 8.1 
Water + L(+)arabinose 7.9 
Water +D(+)-glucose 10.6 
Water +D- mannose 10.3 
Water +D- fructose 10.4 
Water +L- sorbose 10.3 
Water + K2Cr207 +D(+)- xylose 7.8 
Water + K2Cr207 + L(-f)arabinose 7.5 
Water + K2Cr207 + D(+)-giucose 10.8 
Water + K2Cr207 + D-mannose 9.8 
Water + K2Cr207 + D-fructose 10.2 
Water + K2Cr207 + L-sorbose 10.1 
^[oxidant]! = 4.0 x 10"^  mol dm"^, [reductantlr = 30.0 x 10'^  
^the lit. value is quoted in the parentheses (25 °C ^^^) 
mol dm'^ 
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T h e t i m e of flow m e a s u r e m e n t s w e r e m a d e u s i n g an U b b e l o h d e 
v i s c o m e t e r t h e r m o s t a t t e d at 6 0 ± 0 . 1 T h e d a t a a r e g i v e n in 
T a b l e 2 . 3 . 
P R O D U C T A N A L Y S I S 
(a) C h a r a c t e r i z a t i o n of c h r o i n i u m ( I I I ) 
To iden t i fy the reduct ion product of ch romium(VI ) present 
in the react ion mixture , required amounts of the reac tan ts 
( [ c h r o m i u m ( V I ) ] t = 4.0 x mol dm'\ [ r educ tan t l r =30.0 x 10'^ 
mol d m " \ [HC104]t = 0.58 mol dm"^) were mixed at room 
t empera tu re and then heated to 60 The spect ra of the mixtures 
were recorded at d i f f e ren t t ime in tervals (Figs . 2 , 1 - 2 . 6 , Set A), 
which show that , as the reac t ions progress , the peak at 360 nm 
(which was observed at zero react ion t ime) decreases . At the end 
of reac t ion , under the above exper imenta l k inet ic condi t ions , the 
ch romium(VI ) peak was found absent but appea rance of any new 
peak was not observed as well ( F i g s . 2 . 1 - 2 . 6 , Set A, curves c). 
The re fo re , the spectra of the react ion mix tures were recorded at 
h igher [ ch romium(VI ) ] t 4.0 x 10'^ mol d n \ ' \ Figs. 2 . 1 - 2 . 6 , 
Set B). At the end of the reac t ion , the spectra l s tudies showed 
that the reac t ions of ca rbohydra tes with ch romium(VI ) resul ted in 
species showing absorpt ion bands at 410 and 570 nm 
(Figs. 2 . 1 - 2 . 6 , Set B): this is indicat ive of the p resence of aqua-
chromium(I I I ) species^^'^'^^^ in the react ion mixture as one of the 
reac t ion p roduc t s . 
Spectra of the reaction mixtures were also taken in presence of 
surfactants (SDS and TX-lOO, Figs. 2 .1 -2 .6 , Set B, curves b and c) 
where pos i t ions of the absorp t ion maxima remain unchanged ; this 
observa t ion sugges ts that the reac t ion produc t of the reduct ion of 
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TABLE 2.3 : 
Relative viscosities (r|r) of the reaction mixtures in aqueous and aqueous-
micellar solutions at 60 
Reaction mixture with n / 
D(+)-xylose 1.01 1.03 1.03 1.02 
L(+)arabinose 1.01 1.03 1.04 1.02 
D(+)-glucose 1.01 1.02 1.08 1.01 
D-mannose 1.01 1.02 1.05 1.02 
D-fructose 1.00 1.01 1.04 1.03 
L-sorbose 1.01 1.02 1.03 1.02 
Cr(VI)] t = 4.0 X 10"^ mol dm"', [carbohydrate]! = 30.0 x lO"' mol dm -3 -3 
''same as a + [SDSJj = 26.0 x 10"^  mol dm 
^same as + [TX-100]t = 50.0 x 10'^  mol dm \ except for D(+)-gIucose 
where TX-100]t = 67.0 x 1 m o l d m ^ 
-3 
same as 6 + [NaBr] t = 50.0 x 10'^ mol dm -3 
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c h r o m i u m ( V I ) by c a r b o h y d r a t e s in p r e s e n c e of t h e s u r f a c t a n t s is 
t h e s a m e as in a q u e o u s s o l u t i o n . 
In order to see the fo rmat ion of any s table ch romium(V) 
complex with reduc tan ts , some exper imen t s of moni to r ing 
abso rbance at 570 nm (where ch romium(V) is the only abso rb ing 
spec ies ) were also pe r fo rmed . However , all a t tempts to observe 
ch romium(V) at 750 nm were unsucces s fu l . 
( b ) D e t e c t i o n of CO2 
The exper imenta l set up and the react ion condi t ions for the 
es t imat ion of CO2 were the same as deta i led under the kinet ic 
measu remen t s . The evolved CO2 was swept out by a cons tant 
current of pur i f ied n i t rogen gas and was absorbed in s tandard 
bar ium hydrox ide so lu t ion . But , due to the lower concen t ra t ion of 
ca rbohydra tes , the carbon d iox ide evolved was not su f f i c i en t to 
be de tec ted , even though the t empera tu re was ra ised up to 90 
The re fo re , h igher ca rbohydra te concen t ra t ions were used to 
observe the CO2 evolu t ion . The resul ts are cons is ten t with the 
report that CO2 is one of the reac t ion p roduc t s f rom the oxida t ion 
of ca rbohydra tes by Cr(VI).^^^ 
( c ) F r e e r a d i c a l d e t e c t i o n 
Presence of f ree radica ls in the react ion mixtures was tested 
by us ing the monomer acry loni t r i le . Addi t ion of the monomer 
solut ion (30%) to react ion mix tures conta in ing [chromium(VI)]T 
= 4.0 X 10"^ mol d m ' ^ [ r educ t an t l i = 30.0 x 10'^ mol dm"^ and 
[HC104]t = 0.58 mol dm'^ at 60 °C lead to appearance of a 
p rec ip i t a te of whi te po lymer ic product . The pos i t ive response 
indica ted in situ genera t ion of f ree radica ls in the ox ida t ions . 
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Fig,2 .1 : (Set A) Spectra of the reaction product of the oxidation of 
xylose (30.0 x 10 ^ mol dm by chromic acid (4.0 x lO'"" mol - 4 
dm'^) at 60 in presence of [ H C I O 4 ] (0.58 mol dm" ' ) ; (a) jus t 
af ter mixing, (b) a f te r 30 min, and (c) a f te r 60 min 
-3' 
(Set B) Effec ts of SDS (26 0 x 10"^ mol dm"'') and TX-lOO (50 0 
X 10""^  mol dm"^) on the spectra of aquachromium( l l l ) ion (the 
react ion product obtained af ter 120 min); (a) no surfactant , (b) 
SDS, and (c) TX-100. Condi t ions were the same as in Set A with 
[chromic acid] = 4 0 x 10"^ mol d m " \ 
-3 
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Fig .2 .2 : (Se t A) Spectra of the reaction product of the oxidation of 
X 10"^ mol dm"^ ^^  -') by chromic acid (4.0 x 10 
-3-
arabinose (30.0 
mol dm"^) at 60 °C in presence of [HCIO4] (0 .58 mol dm" ' ) ; (a) 
ju s t a f te r mixing, (b) af ter 30 min, and (c) a f ter 60 min. 
(Set B) Ef fec t s of SDS (26.0 x 10"^ mol dm"^) and TX-lOO (50.0 
x 10"' mol dm" ) on the spectra of aquachromium(II I ) ion (the 
react ion product obtained af ter 120 min); (a) no surfactant , (b) 
SDS, and (c) TX-100. Condit ions were the same as in Set A with 
[chromic acid] = 4.0 x 10"^ mol dm"^. 
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Fie .2 .3 : (Se t A) Spectra of the react ion product of the oxidation 
, , , t • 1 ^ . 
of 
glucose (30 0 X lO"^ mol dm ) by chromic acid (4 0 x 10" mol 
dm"^) at 60 °C in presence of [ H C I O 4 ] (0 58 mol dm"''), (a) jus t 
af ter mixing, (b) af ter 30 mm, and (c) af ter 60 mm 
(Set B) Ef fec t s of SDS (26 0 x 10"^ mol dm"^) and TX-lOO (50 0 
x 10"^ mol dm"^) on the spectra of aquachromium( l l l ) ion (the 
reaction product obtained af ter 120 mm) , (a) no surfactant , (b) 
SDS, and (c) TX-lOO Condit ions were the same as in Set A with 
[chromic acid] = 4 0 x 10'^ mol dm"^ 
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Fig .2 .4 : (Se t A) Spectra of the react ion product of the oxidat ion of 
mannose (30.0 x 10"' mol dm"^) by chromic acid (4.0 x 10"^ mol 
dm"^) at 60 °C in presence of [ H C I O 4 ] (0.58 mol d m ' ' ) ; (a) jus t 
af ter mixing, (b) a f te r 30 min, and (c) af ter 60 mm. 
(Set B) Ef fec t s of SDS (26.0 x 10"^ mol dm"^') and TX-lOO (50.0 
X 10"' moJ dm"-"*) on the spectra of a q u a c h r o m i u m ( i n ) ion (the 
react ion product obtained af ter 120 min); (a) no surfactant , (b) 
SDS, and (c) TX-100. Condi t ions were the same as in Set A with 
[chromic acid] = 4.0 x 10"^ mol dm"'\ 
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Fig .2 .5 : (Se t A) Spectra of the react ion product of the oxidat ion of 
f ruc tose (30 0 x 10"' moJ dm"'^) by chromic acid (4.0 x 10"'' mo/ 
dm"^) at 60 °C in presence of [ H C I O 4 ] (0.58 mol dm"'^); (a) jus t 
af ter mixing, (b) a f ter 30 min, and (c) af ter 60 min. 
(Set B) Ef fec t s of SDS (26.0 x 10"^ mol dm'^) and TX-lOO (50.0 
X 10""^  mol dm"'') on the spectra of a q u a c h r o m i u m ( n i ) ion (the 
reaction product obtained af ter 120 min); (a) no surfactant , (b) 
SDS, and (c) TX-100. Condi t ions were the same as in Set A with 
[chromic acid] = 4.0 x 10"^ mol dm"^ 
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Fig .2 .6 : (Se t A) Spectra of the react ion product of the oxidat ion of 
sorbose (30.0 x mol dm by chromic acid (4.0 x lO"'^  mol - 3 -4 
dm"^) at 60 °C in presence of [ H C I O 4 ] (0.58 mol dm" ' ) ; (a) jus t 
af ter mixing, (b) af ter 30 min, and (c) a f ter 60 min. 
(Set B) Ef fec t s of SDS (26.0 x 10"^ mol dm"^) and TX-lOO (50.0 
-3-
x 10"^ mol on the spectra of aquachromium(II I ) ion (the 
reaction product obtained af ter 120 min); (a) no surfactant , (b) 
SDS, and (c) TX-100. Condi t ions were the same as in Set A with 
[ :hromic acidl = 4.0 x 10"^ mol dm"^ 
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B l a n k e x p e r i m e n t s w i t h e i t h e r c h r o m i u m ( V I ) or r e d u c t a n t s g a v e 
no d e t e c t a b l e p r e c i p i t a t e s . 
( d ) S t o i c h i o m e t r y 
Several react ion mixtures with [chromium(VI) ]> 
[carbohydra te ] ( [oxidant ] ^ 5.0 x lO"'^  mol dm"\- [ r educ tan t ]^ 0.5 
to 4.5 X 10"^ mol dm'^) at f ixed [H"] (= 0.58 mol dm were 
prepared and kept for several days at room tempera ture . Af te r 
comple t ion of the react ions , the unconsumed oxidant was 
de termined spec t rophotomet r ica l ly . The consumpt ion ratio, by 
assuming that the carbohydra tes were totally consumed under 
these condi t ion, were found to be (chromium(VI) : ca rbohydra te ) 
4:1, 3:1, 4:1, 3:1, 2:1 and 3:1, for D(+)-xylose , L(+)arabinose, 
D(+)-glucose , D-mannose , D-f ruc tose and L-sorbose , respect ively. 
Due to au toacce lera t ion nature of the react ion (see Chapter -3) , 
the exact s to ichiometry equat ion and products formed are 
d i f f i cu l t to predic t . However , the carbohydra tes have been used 
in suf f ic ien t excess throughout the kinet ic inves t iga t ions to 
ensure that the rate of reduct ion of the ch romium(VI) is 
p ropor t iona l to the rate of oxidat ion of the organic subst ra tes 
themselves , but not to the rate of dest ruct ion of any react ive 
organic intermediates.^^^ Moreover , s ince the init ial rate of 
consumpt ion of chromium(VI) under these condi t ions was always 
f i r s t -order , the rate of oxidat ion of the in termedia te products 
cannot be kinet ical ly significant.^^® 
-3-
R E S U L T S A I D D I S C U S S I O l 
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A . R E S U L T S 
ft has a l ready been men t ioned that ch romic acid ox ida t ion 
of c a r b o h y d r a t e s (D(+) -xy lose , L( + )a rab inose , D(+) -g lucose , D-
mannose , D - f r u c t o s e and L - so rbose ) were p r e f o r m e d by fo l lowing 
the d i s a p p e a r a n c e of c h r o m i u m ( V I ) at 360 nm in the absence and 
p r e sence of an ion ic (SDS) and non ion ic (TX-lOO) su r fac tan t 
mice l l e s at several concen t r a t ions of the reac tan t s , hydrogen ion, 
m a n g a n e s e ( I I ) , su r f ac t an t s and sal ts . 
B e f o r e dea l ing with the actual observed resul ts , it is 
neces sa ry to po in t out that in the present s tudy the reac t ions 
showed an induc t ion per iod (Figs . 3 . 1 - 3 . 6 ) which were ent i re ly 
e l imina ted when the exper imen t s were car r ied out at h igher [H"^]. 
Ano the r f ea tu re , i .e. , au toca ta lys i s , may be due to the ca ta ly t ic 
role of one of the ox ida t ion p roduc t s of c a rbohydra t e s p roduced 
dur ing the k ine t ic runs. As the extent of the induc t ion period 
dependen t on the reac t ion cond i t ions , i .e. , [ ca rbohydra t e ] , [H^], 
and t empe ra tu r e , choice of the best exper imen ta l cond i t ions had 
been a crucia l p rob lem. Tak ing into cons ide ra t ion the i r e f f e c t s on 
the induc t ion per iod (Figs . 3 . 1 - 3 . 6 ) and the c loud ing of non ion ic 
TX- lOO (= 66 a c o m p r o m i s e was made to p e r f o r m the 
r eac t ions at 60 °C with [H^] = 0.58 mol dm'\ HCIO4 was used as 
the a c i d i f y i n g agent due to the n o n - c o m p l e x i n g na ture of C104~. 
The ra te cons tan t s of the ini t ial s tages of the r eac t ions were 
ob ta ined f rom the s lopes of the l ines (vide supra) ex t ended over 
the induc t ion per iod . 
Secondly, no electrolyte (to msiintsiin ionic s t rength) was used 
because Tondre and coworkers , in their p ioneer ing work^'^^*^'^', have 
advised to avoid use of even b u f f e r so lu t ions to main ta in pH of 
mice l l a r so lu t ions . 
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AO 5 0 
T ime ( m i n ) 
Fig .3 .1 : Plots of l og (abso rbance ) vs. t ime showing the induct ion and 
au toacceJe ra t ion pe r iods fo r the oxidat ion of xy lose (= 30.0 x 
60 
•• moi by chronnic acid (= 4.0 x lO"'^ mol dm" 
Conditions: [HCIO4] = 0.23 (a), 0 .46(b) , 0 .58 (c) . 
0 .69(d) , 0.93 (e), and 1 .16 mol dm"^ (Q-
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T i m e f m i n ) 
Fig.3 .2: P lo ts of l og (abso rbance ) vs. t ime showing the induc t ion and 
au toacce l e r a t i on pe r iods for the ox ida t ion of a rab inose 30.0 x 
10"^ mol dm^^) at 60 °C. 10 ^ mol dm ) by ch romic acid (= 4.0 x 
Conditions: [HCIO4] = 0 .23 (a) , 0 .46 (b ) , 0 .58 (c) , 0 .69 (d ) , 0 .93 
(e), and 1.16 moi dm"^ ( f ) . 
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Fig .3 .3 : Plots of log(absorbance) vs. t ime showing the induct ion and 
au toacce le ra t ion periods for the oxidat ion of glucose 30.0 x 
10"^ mol d m " 0 by chromic acid (= 4.0 x lO"'^  mol dm" ' ) at 60 
Conditions: [HCIO4] = 0.23 (a), 0.46(b), 0.58 (c), 0 .69(d) , 0.93 
(e), and 1.16 mol ( f ) . 
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F ig .3 .4 : Plots of log(absorbance) vs. t ime showing the induct ion and 
au toacce le ra t ion per iods for the oxidat ion of mannose 30.0 x 
10'^ mol dm"^) by chromic acid (= 4,0 x mol dm"^) at 60 
Conditions: [HCIO4] = 0.23 (a), 0 .46(b) , 0.58 (c), 0 .69(d) , 0.93 
(e), and 1.16 mol dm~^ (f) . 
56 
0.2 
AO 5 0 
T i m e ( m i n ) 
Fig.3 .5 : Plots of log(absorbance) vs. t ime showing the induction and 
autoacce lera t ion per iods for the oxidat ion of f ruc tose (= 30.0 x 
10"' mol dm~^) by chromic acid (= 4.0 x lO"'' mo! dm""') at 60 "C. 
Conditions: [HCIO4] = 0.23 (a), 0.46(b), 0.58 (c), 0 .69(d) , 0.93 
(e), and 1.16 mol dm"^ (f) . 
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Fig .3 .6 : Plots of log(absorbance) vs. t ime showing the induct ion and 
ai i toacceierat ion per iods for the oxidat ion of sorbose (= 30.0 x 
10"^ mol by chromic acid (= 4.0 x lO "^* mol dm'^) at 60 
Conditions: [HCIO4] = 0.23 (a), 0 .46(b) , 0.58 (c), 0 .69(d) , 0.93 
(e), and 1.16 mol dm^^ (0 -
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E f f e c t of [ o x i d a n t ] on the r e a c t i o n rate 
To find out the order of react ions with respect to oxidant 
concent ra t ion , the rate constants were determined at d i f fe ren t 
init ial concent ra t ions of chromium(VI) keeping other var iables , 
viz, [carbohydra te] , [H^], and tempera ture constant . The pseudo-
f i r s t -order rate constants (kobs) obtained at d i f fe ren t 
ch romium(VI) concent ra t ions are recorded in Tables 3 .1 -3 .6 . It 
was found that the values of the rate constants were independent 
of the initial concentra t ion of the oxidant , thus indicat ing that the 
order of the react ion with respect to chromium(VI) concentra t ion 
is uni ty; the rate law would then be 
~d[Cr(VI)]T /dt = V = kobs[Cr(VI)]T (3.1) 
E f f e c t of [H" )^ on the r e a c t i o n rate 
The react ion rates were found to increase markedly with 
increas ing [ H C I O 4 ] (Tables 3 .7 -3 ,12 ) . It was also observed that 
the extent of the induct ion period depends on the [HCIO4]. At 
high [HCIO4] (> 0.93 mol dm"^), the plot of log(absorbance) vs. 
t ime was l inear. Surpr is ingly , as the [ H C I O 4 ] decreased f rom 0.93 
to 0.23 mol deviat ions f rom lineari ty in the plots were 
observed (F igs .3 .1 -3 .6 ) . The t ime at which the devia t ions 
commenced was found to decrease with an increase in [HCIO4]. 
Thus, we may conclude that the oxidat ion kinet ics proceed in two 
steps. One possibi l i ty is that the oxidat ion rate of the product 
becomes percept ib le and shows up at lower [HCIO4]. Therefore , 
all the s tudies were carried out at [HCIO4] = 0.58 moJ dm"^ where 
both the steps ( induct ion and autoaccelera t ion) are involved. The 
plots of log kobs vs. log [HCIO4] were linear with slopes: 1,0, 
r = 0,979 (D(+)-xylose) ; 1,5, r - 0.978 (L(+)arabinose) , I.O, r = 
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0 . 9 9 6 ( D ( + ) - g l u c o s e ) ; 1.1, r = 0 . 9 9 4 ( D - m a n n o s e ) ; 1.1, r = 0 . 9 9 0 
( D - f r u c t o s e ) ; 1 .7 , r = 0 . 9 7 0 ( L - s o r b o s e ) . T h e s e r e s u l t s i n d i c a t e a 
c o m p l e x - o r d e r d e p e n d e n c e on [H""]. 
E f f e c t of [ r e d u c t a n t ] on the r e a c t i o n rate 
The influence of the reductant concentration on the react ion 
rates were s tudied with other exper imenta l condi t ions remaining 
constant . It was observed that the pseudo- f i r s t -o rder rate 
cons tants increase with increas ing the reductant concent ra t ion . 
The kobs values are summarized in Tables 3 .13 -3 .18 which are 
also shown graphical ly in Figs. 3 .7 -3 ,12 . 
The rates of oxidat ions increase non- l inear ly with the 
increase in [ reductant] (Figs. 3 .7 -3 ,12 , curves a). The plots of log 
kobs vs. log [reductant] were linear with slopes: 0.70 (D(+)-xylose), 
0.50 (L(+)arabinose), 0.34 (D(+)- glucose), 0.64 (D-mannose) , 
0.56 (D-fructose) and 0,64 (L-sorbose) (average r> 0.982), 
indicating f rac t ional -order dependence on [carbohydrate]. 
E f f e c t of []VIn(II)] on the r e a c t i o n rate 
The rate of d isappearance of chromium(VI) was accelerated 
in p resence of manganese( I I ) . The values of observed rate 
constants are summarized in Tables 3 .19-3 .24 . The plots of log 
kobs vs. log [Mn(II)] were linear with slopes: 0.71 (D(+)-xyIose) , 
0.79 (L(+)arabinose) , 0,84 (D(+)-glucose) , 0.63 (D-mannose) , 
0.53 ( D - f r u c t o s e ) , and 0.42 (L-sorbose) . The react ions are, 
the re fore , f rac t ional - order with respect to [Mn(II)] . 
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TABLE 3.1 : 
E f f e c t of [Cr (VI) ]T on the p s e u d o - f i r s t - o r d e r r a t e c o n s t a n t s (kobs 
or kv,;) f o r the o x i d a t i o n of D ( + ) - x y l o s e by c h r o m i u m ( V I ) in the 
a b s e n c e and p r e s e n c e of s u r f a c t a n t s . 
Conditions: [D(+)-xyiose]T = 30.0 x 10"^  mol dm*^  
[HC104]T = 0.58 mol dm'^ 
Temperature = 60 °C 
10'[Cr(VI)]T 10' k^bs/lO' k^ (s-') 
(mol dm'^) aqueous SDS^ TX-100^ 
2.0 1.5 3.1 3.8 
3.0 1.7 3.0 4.4 
4.0 1.7 3.0 4.5 
5.0 2.0 3.3 4.7 
6.0 2.3 3.1 4.9 
"[SDS]T 
''[TX-100]T 
= 26.0x 10"^  mol dm'^ 
= 50.0x 10'^  mol dm'^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [L(+) arabinose]t = 30.0 x 10'^ mol dm'^ 
[HC104]T =0 .58 mol dm'^ 
Temperature = 60 
10^[Cr(VI)]T 10' kobs/lO' k^ (s-') 
(mol dm'^) aqueous SDS" TX-lOO' 
2.0 4.6 6.7 8.4 
3.0 4.2 6.1 8.8 
4.0 4.4 6,4 8.5 
5.0 4.5 6.3 8.6 
6.0 4.9 6.0 8.8 
°[SDS]T 
^[TX-100]T 
= 26.0 X 10'^ mol dm'^ 
= 50.0 X 10'^ mol dm-^ 
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TABLE 3.8 : 
Effect of [HC104]T on the pseudo-first-order rate constants (k^ s^ or k^ ^^ ) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [D(+)-glucose]T = 30.0 x 10'^ mol dm'^ 
HCIOJT 
Temperature 
= 0.58 mol dm'^ 
= 60 
10^[Cr(VI)]t 10' kobs/lO' k^ (s-') 
(mol dm'^) aqueous SDS'' TX-lOO'' 
2.0 1.6 2.0 3.5 
3.0 1.9 2.7 3.8 
4.0 2.0 2.8 5.1 
5.0 3.0 3.5 5.6 
6.0 3.5 4.3 6.0 
^[SDS]t 
^[TX-IOOJt 
= 26.0 x 10'^ mol dm-^ 
= 50.0 x 10-^ mol dm-^ 
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TABLE 3.20 : 
Effec t of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [D-mannose]T 
[HC104]T 
Temperature 
30.0 X 10'' mol dm*' 
0.58 mol dm'^ 
60 
10'[Cr(VI)]T 10' kobs/lO' k^ (s"') 
(mol dm'^) aqueous SDS'' TX-lOO' 
2.0 3.6 6.1 7.7 
3.0 3.9 6.4 8.4 
4.0 4,5 6.3 8.3 
5.0 4.9 6.6 8.6 
6.0 4.8 6.9 8.5 
"[SDS]T 
^[TX-100]T 
= 26.0 X 10'^  mol dm"^  
-50 .0x10 '^ mol dm"^  
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T A B L E 3.8 : 
Effect of [HC104]T on the pseudo-first-order rate constants (k^^s or k^ ^^ ) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions; [D-fructoseJr ^ 30.0 x 10"^ mol dm'^ 
[HC104]t - 0 . 5 8 mol dm'^ 
Temperature = 60 °C 
10^[Cr(VI)]T 10' k^ (s-^) 
(mol dm'^) aqueous SDS^ TX-lOO' 
2.0 3.8 6.6 8.3 
3.0 4.0 6.8 8.5 
4.0 4.5 7.1 9.2 
5,0 4.3 7.0 8.9 
6.0 4.5 7.1 9.0 
' [SDS]T 
^[TX-100]T 
= 26.0 X 10'^ mol dm"^ 
= 50.0 X 10-^ mol dm-^ 
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T A B L E 3.8 : 
Effect of [HC104]T on the pseudo-first-order rate constants (k^ s^ or k^ ^^) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [L-sorboseJi = 30.0 x 10'^ mol dm'^ 
[HCI04]t = 0 . 5 8 mol dm"^ 
Temperature - 60 °C 
10^[Cr(VI)]t 
(mol dm'^) 
10' k^bs/lO' k^ (s-') 
aqueous SDS^ TX-lOO' 
2.0 3.5 5.0 5.3 
3.0 3.3 4.6 5.4 
4.0 3.5 4.7 6.4 
5.0 4.0 5.4 6.3 
6.0 4.1 6.7 6.9 
^[SDSJt = 2 6 . 0 X lO'^moldm-^ 
^[TX-100]t = 5 0 . 0 x l 0 - ^ m o l d m - ^ 
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TABLE 3.8 : 
Effec t of [HC104]T on the pseudo-first-order rate constants (k^^s or k^ ^^ ) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]T 
[D(+)-xylose]T 
Temperature 
= 4.0x lO'^moI dm"^  
= 30.0x 10'^  mol dm'^ 
= 60 °C 
[HC104]T lO'^kobs/lO' k,, (s-^) 
(mol dm'^) aqueous SDS^ TX-lOO' 
0.11 0.4 1.1 1.3 
0.23 0.6 1.4 1.5 
0.34 1.0 1.9 2.5 
0.46 1.4 2.4 3.3 
0.58 1.7 3.0 4.5 
0.69 2.5 5.7 5.1 
0.93 not observed not observed not observed 
1.16 not observed not observed not observed 
1SDS]T = 26.0 X 10"^  mol dm'^ 
^[TX-100]T = 50.0x10'^ mol dm'^ 
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TABLE 3.8 : 
Effect of [HC104]T on the pseudo-first-order rate constants (k^ s^ OR K^^^) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t 
[L(+)arabinose]7 
Temperature 
= 4 . 0 x IC'^moI dm'^ 
= 30.0 X 10'^ mo] dm'^ 
= 60 °C 
[HC104]t lO'kobs/lO'k^, (s-^) 
(mol dm'^) aqueous SDS'' TX-lOO' 
0.11 0.8 1.0 1.2 
0.23 1.2 1.2 1.9 
0.34 2.9 2.7 3.8 
0.46 3.6 3,8 6.0 
0.58 4.4 6.4 8.4 
0.69 6.2 8.9 13.1 
0.93 not observed not observed not observed 
1.16 not observed not observed not observed 
^[SDS]t = 26.0 x 10-^  mol dm-^ 
^[TX-100]t = 50.0 x 10'^ mol dm'^ 
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TABLE 3.8 : 
Effect of [HC104]T on the pseudo-first-order rate constants (k^^s or k^ ^^ ) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t = 4.0 x 1 m o l dm'^ 
[D(+)-glucose]t = 30.0 x 10'^ mol dm'^ 
Temperature = 60 °C 
[HCI04]T lO'kobs/10' k^ (s-') 
(mol dm'^) aqueous SDS'' TX-lOO' 
0.11 0.4 0.8 1.1 
0.23 0.9 1.1 2.3 
0.34 1.4 1.9 3.2 
0.46 1.7 2.3 4.2 
0.58 2.0 2.8 5.1 
0.69 3.4 4.1 7.2 
0.93 not observed not observed not observed 
1.16 not observed not observed not observed 
^[SDS]T = 26.0 X 10'^ mol dm-^ 
^[TX-100]T = 50.0 X 10"^  mol dm-^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t 
[D-mannoseJr 
Temperature 
= 4 .0x l O ' V o l dm"^ 
= 30.0 X 10'^ mol dm'^ 
= 60 °C 
[HC104]T 10' k^ (s-') 
(mol dm'^) aqueous SDS' TX-lOO" 
0.11 0.6 1.5 1.8 
0.23 0.9 1.9 3.1 
0.34 2.0 3.1 5.0 
0.46 3.1 5.0 6.8 
0.58 4.5 6.3 8.3 
0.69 9.2 9.4 9.6 
0.93 not observed not observed not observed 
1.16 not observed not observed not observed 
^[SDS]t = 26.0 X 10"^  mol dm'^ 
^[TX-IOO]t - 5 0 . 0 X 10'^  mol dm'^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions-. [Cr(VI)]t 
D-fructosejx 
Temperature 
= 4 .0x lO 'Vo l dm'^ 
= 30,0 X 10-^ m o l dm'^ 
= 60 
[HC104]T lO'kobs/lO' k^ (s-') 
(mol dm'^) aqueous SDS" TX-lOO' 
0.11 0.9 1.5 1.5 
0.23 1.8 1.8 2.0 
0.34 2.8 3.0 3.2 
0.46 3.9 4.5 5.1 
0.58 4.5 7.1 9.2 
0.69 7.2 8.4 12.8 
0.93 not observed not observed not observed 
1.16 not observed not observed not observed 
1SDS]T = 26.0 X 10-^  mol dm'^ 
^[TX-100]T = 50.0 X 10-^  mol dm'^ 
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TABLE 3 . 2 0 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]T 
[L-sorboseJx 
Temperature 
= 4 .0x 10"*mol dm^ 
= 30.0 X 10'^ mol D M ' ^ 
= 60 
[HC104]T l O X b s / l O ' k ^ (s-^) 
(mol dm'^) aqueous SDS'' TX-lOO' 
0.11 0.6 0.8 0.9 
0.23 ].] 1.2 1.5 
0.34 2.0 2.4 2.9 
0.46 2.7 3.5 5.3 
0.5S 3.5 4.7 6.4 
0.69 4.8 5.8 7.7 
0.93 not observed not observed not observed 
1.16 not observed not observed not observed 
"[SDS]T = 26.0 X 10"^  mol dm"^ 
^[TX-100]T - 50.0 X 10-^  mol dm-^ 
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TABLE 3.15 ; 
Effect of [D(-f)glucose]T on the pseudo-first-order rate constants (kobs or kv^ ,) for 
the oxidation of D(+)glucose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions-. [Cr(Vl)]T 
[HC104]T 
Temperature 
= 4.0 X lO 'Vo ldm"^ 
= 0 .58x 10-^ mol dm'^ 
= 60 °C 
10"^D(+)-xylose]T lO'^  W I O ' k^ (s") 
(mol dm'^) aqueous SDS^ TX-100^ aqueous 
2.0 0.3 0.7 1.7 0.3 
5.0 0.6 1.5 2.4 0,6 
10.0 1.0 1.9 3.0 1.0 
15.0 1.2 2.2 3.4 1,4 
20.0 1.5 2.6 3.8 1.6 
30.0 1.7 3.2 4.5 2,1 
40,0 2.5 3.8 4.9 2.4 
50.0 3.8 4.4 5,4 2.7 
ISDSJT = 26.0 X 10'^ mol dm -3 
'[TX-1 00]T = 50.0 X 10-^ mol dm -3 
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TABLE 3.14 : 
Effect of [L(+)arabinose]T on the pseudo-first-order rate constants (Kb, or k^ )^ 
for the oxidation of L(+)arabinose by chromium(VI) in the absence and 
presence of surfactants. 
Conditions'. [Cr(VI)]T 4.0 X lO'^^mol dm"^ 
[HC104]T 0.58 X 10'^ mol dm'^ 
Temperature = 60 °C 
10'[L(+)arabinose]T 10^ W I O ^ K (s"^) 
(mol dm ) aqueous SDS^ TX-lOO' aqueous 
2.0 1.5 1.6 2.6 0.9 
5.0 1.8 2.2 3.8 1.9 
10.0 2.8 3.8 5.3 2.8 
15.0 3.3 4.5 6,0 3.6 
20.0 3.8 5.2 7.0 4.1 
30.0 4.4 6.4 8.5 4.6 
40.0 5.7 6.9 9.3 5.2 
50.0 6.8 8.4 10.0 6.4 
" [ S D S J T = 2 6 . 0 X 1 0 - ^ m o I d m ' ^ 
^ [ T X - 1 0 0 ] T = 5 0 . 0 X 1 0 - ^ m o l d m " ^ 
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T A B L E 3.15 ; 
Effect of [D(-f)glucose]T on the pseudo-first-order rate constants (kobs or kv ,^) for 
the oxidation of D(+)glucose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions'. [Cr(VI)]T 4.0 X 1 0 - V o l dm'^ 
[HC104]T 0.58 X 10'^ mol dm'^ 
Temperature = 60 
10'[D(+)glucose]T 10' W I O ' k^ (s'*) i o X „ ( s - ' ) 
(mol dm ) aqueous SDS'' TX-lOO' aqueous 
2.0 0.6 1.1 2.2 0.3 
5.0 0.8 1.7 2.9 0.8 
10.0 1.2 2.1 4.0 1.3 
15.0 1.5 2.5 4.2 1.7 
20.0 1.8 2.6 4.5 2.1 
30.0 2.0 2.8 4.1 2.5 
40.0 3.1 4.1 5.6 2.9 
50.0 3.5 4.5 5.8 3.3 
^[SDS]t = 26 .0x 10'^ mol dm'^ 
'[TX-1 00]T = 5 0 . 0 X 1 0-^ mol dm"^ 
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TABLE 3.15 ; 
Effect of [D(-f)glucose]T on the pseudo-first-order rate constants (kobs or kv^ ,) for 
the oxidation of D(+)glucose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions-. [Cr(VI)]t 
[HC104]t 
Temperature 
= 4.0x lO'^moldm-^ 
= 0.58 X 1 0 ' ^ mol dm-^ 
= 60 
lO-^P-mannoseJi 
(mol dm'^) 
10' kobs/lO' k^ (s-') 
aqueous SDS" TX-lOO' aqueous 
2.0 0.9 1.8 2.3 0.7 
5.0 1.5 1.9 3.8 1.5 
10.0 2.2 3.8 4.8 2.5 
15.0 3.0 4.7 5.8 3.3 
20.0 3.7 5.2 6.5 3.9 
30.0 4.5 6.3 8.3 4.8 
40.0 6.0 7.6 9.6 5.5 
50.0 7.6 8.9 12.8 5.9 
° [ S D S ] t =26.0x l O ' ^ m o l d m - ^ 
^[TX-100]t = 50.0 X mol dm"^ 
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TABLE 3.15 ; 
Effec t of [D(-f)glucose]T on the pseudo-first-order rate constants (kobs or kv^ ,) for 
the oxidation of D(+)glucose by chromium(VI) in the absence and presence of 
surfactants. 
= 4.0x lO'^moldm'^ Conditions: [Cr(VI)]T 
[HC104]t = 0.58 X 10-^  mol dm'^ 
Temperature - 60 
10'[D-fructose]T lO'^  W I O ' ^ k^ (s"') 
(mol dm ) aqueous SDS'^  TX-lOO* aqueous 
2.0 0.7 1.7 3.6 0.6 
5.0 1.4 2.8 5.1 1.4 
10.0 2.3 3.8 6.0 2.4 
15.0 3.0 5.3 7.2 3.2 
20.0 3.7 5.8 8.2 3.9 
30.0 4.5 7.1 9.2 4.9 
40.0 6.1 9.6 9,8 5.7 
50.0 8.6 11.1 11.2 6.3 
"[SDS]T = 26.0 X 10'^ mol dm'^ 
^[TX-100]T = 50.0 X 10'^ mol dm'^ 
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TABLE 3.15 ; 
Effect of [D(-f)glucose]T on the pseudo-first-order rate constants (kobs or kv^ ,) for 
the oxidation of D(+)glucose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]T = 4 .0x lO-Voldm'^ 
[HC104]T = 0 .58x 10'^ mol dm"' 
3 
Temperature = 60 °C 
10'[L-sorbose]T 10 '^ KbJlO^ k^ (s"') 
(mol dm ) aqueous SDS'' TX-lOO' Aqueous 
2.0 0.6 1.3 1.5 0.6 
5.0 1.4 1.9 2.6 1.3 
10.0 2.1 2.7 4.1 2.1 
15.0 2.6 3.4 4.9 2.7 
20.0 2.9 4.1 5.6 3.1 
30.0 3.5 4.7 6.4 3.6 
40.0 4.6 6.1 7.2 4.1 
50.0 5.8 6.7 8.4 4.3 
^[SDS]T = 26.0x10-^ mol dm'^ 
^[TX-100]T = 50.0 X 10'^ mol dm'^ 
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T A B L E 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k ,^;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(Vl)] t = 4.0 x 1O*'* mol dm'^ 
[D(+)-xylose]t = 30.0 x 10'^ mol dm'^ 
[HCI04h = 0 .58 mol dm'^ 
T e m p e r a t u r e = 6 0 °C 
1 0 M M n ( I I ) ] T 1 0 X b s / 1 0 X ( s ' ' ) 
( m o l d m ' ) a q u e o u s S D S " T X - l O O ' 
0 1.7 3 .1 4 . 5 
5 . 0 2 . 9 3 .8 6 .7 
10 .0 5 .6 4 . 5 8 .3 
15 .0 8 .3 5 .8 9 . 6 
2 0 . 0 13 .4 6 . 9 10 .2 
2 5 . 0 14 .4 9 . 6 14 .5 
3 0 . 0 2 1 . 5 14.4 15 .3 
3 5 . 0 2 3 . 0 15 .5 17 .9 
4 0 . 0 2 7 . 6 16 .6 18 ,2 
4 5 . 0 2 9 . 2 2 0 . 3 2 0 . 5 
5 0 . 0 3 0 . 7 2 4 . 6 2 4 . 5 
^[SDSJt = 26.0 x 10'^ mol dm'^ 
* [ T X - 1 0 0 ] T = 5 0 . 0 X 10'^ m o l dm'^ 
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T A B L E 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t = 4.0 x lO'^'mol dm'^ 
[L(+)arabinose]t = 30.0 x 10'^ mol dm'^ 
[ H C 1 0 4 ] t = 0 . 5 8 m o l dm'^ 
T e m p e r a t u r e = 60 °C 
1 0 ' [ M n ( I I ) ] t l O ' k o b s / l O ' k ^ ( s " ' ) 
( m o l dm"^) a q u e o u s S D S " T X - l O O ' 
0 4 . 4 6 .3 8 .6 
5 .0 6 . 4 6 . 7 10 .7 
10 .0 7 .7 7 .3 12 .3 
15 .0 8 .3 7 .7 13 .0 
2 0 . 0 9 . 6 8 .1 13 .8 
2 5 . 0 12 .3 12 .3 15 .3 
3 0 . 0 15 .3 14 .4 18 .2 
3 5 . 0 2 0 . 5 i 5 . 8 2 3 . 0 
4 0 . 0 2 6 . 9 17 .1 4 0 . 0 
4 5 . 0 3 0 . 7 2 1 . 5 5 3 . 7 
5 0 . 0 3 5 . 8 2 3 . 0 7 1 . 0 
^[SDSJt = 26.0 X lO"^ mol dm'^ 
' [ T X - 1 0 0 ] t = 5 0 . 0 x 10"^ m o l dm" 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions-. [ C r ( V I ) ] t 
[D(+)-gIucose]T 
[ H C 1 0 4 ]t 
T e m p e r a t u r e 
= 4.0 X 1 0 - V o l dm'^ 
= 30.0 X 10-^ mol dm'^ 
= 0 . 5 8 m o l dm'^ 
= 60 
1 0 ' [ M n ( I I ) ] T 
( m o l d m ' ^ ) 
l o X b s / l o X ( s " ' ) 
a q u e o u s SDS'^ T X - l O O ' 
0 2 . 0 2 . 8 5.1 
5 .0 4 .3 3 .5 5.5 
10.0 5 .0 3 .8 6 .0 
15.0 5 .4 4 .3 6 .7 
2 0 . 0 6 .0 4 . 7 13.8 
2 5 . 0 6 .4 5 .6 14.4 
3 0 . 0 8 .4 6 . 8 14.6 
3 5 . 0 13.4 8.2 18.9 
4 0 . 0 17.3 15.3 2 1 . 5 
4 5 . 0 2 4 . 9 17.5 2 5 . 6 
5 0 . 0 2 9 . 0 19.9 2 6 . 3 
[ S D S ] T = 2 6 . 0 x l O - V o I d m " ^ 
' [ T X - 1 0 0 ] t = 5 0 . 0 x 10-^ m o l d m -3 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions'. [Cr(VI)]T 
[D-mannoseJi 
[HC104]t 
Temperature 
= 4.0x lO-'^ moI dm'^ 
= 30.0 X 10'^  mol dm'^ 
= 0.58 mol dm'^ 
= 60 
10' [Mn(II): 
(mol dm'^) 
T lO'^kobs/lO'k^Cs-') 
aqueous SDS" TX-lOO' 
0 4.5 6.3 7.4 
5.0 4.4 5.4 10.7 
10.0 4.8 6.4 12.3 
15.0 5.0 6.9 13.8 
20.0 5.3 7.7 15.3 
25.0 6.5 8.4 16.9 
30.0 8.3 9,4 36.5 
35.0 11.9 12.5 42.2 
40.0 13.6 15.3 57.6 
45.0 15.4 16.6 65.2 
50.0 17.9 21.5 80.6 
''[SDSIt =26.0xl0 '^moldm-^ 
^ [ T X - 1 0 0 ] T = 5 0 . 0 X 10'^ m o l dm"^ 
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T A B L E 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t = 4.0 x IQ-^mol dm'^ 
[D-fructose]t = 30.0 x 10'^ mol dm'^ 
[ H C 1 0 4 ] t = 0 . 5 8 m o l dm'^ 
T e m p e r a t u r e = 6 0 °C 
1 0 ' [ M n ( I I ) ] t 
( m o l d m ' ^ ) 
l O ' ^ k o b s / l O X (s '*) 
a q u e o u s S D S ' ' T X - 1 0 0 ^ 
0 4 . 5 7 .1 9 . 2 
5 .0 4 . 5 4 . 0 11 .9 
10 .0 4 . 9 5 .1 13 .4 
15 .0 5 .2 6 .1 15 .3 
2 0 . 0 5 .6 7 . 0 3 4 . 5 
2 5 . 0 6 . 3 7 .1 3 6 . 5 
3 0 . 0 6 . 7 7 .3 4 4 . 1 
3 5 . 0 8 .8 7 .5 5 3 . 7 
4 0 . 0 11.5 7 .7 6 5 . 2 
4 5 . 0 13.4 7 .9 7 2 . 9 
5 0 . 0 15 .3 8 .4 1 2 2 . 8 
"[SDS]t = 2 6 , 0 x lO-^moldm"^ 
* [ T X - 1 0 0 ] t = 5 0 . 0 x 10'^ m o l dm" 
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TABLE 3.20 : 
Effect of [ M n ( I I ) ] T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]T 
[L-sorbose]T 
[HC104]t 
Tempera ture 
= 4,0x lO'^'mol dm 
- 3 0 . 0 x 10'^  mol dm'^ 
= 0.58 mol dm'^ 
= 60 °C 
-3 
10' [Mn(II)] T l o X b s no% (s"') 
(mol dm"^) aqueous TX-lOO' 
0 3.5 4.7 6.4 
5.0 3.4 3.5 7.7 
10.0 3.5 3.8 8.3 
15.0 3.8 4.1 13.9 
20.0 4.1 4.4 15.3 
25.0 4.6 4.5 19.6 
30.0 4.8 4.6 21.9 
35.0 5.2 5.3 27.3 
40.0 5.7 6.6 46.1 
45.0 6.0 6.8 52.6 
50.0 6.2 7.6 76.8 
"[SDS]T = 26.0 X 10"^  mol dm"^  
^[TX-100] t = = 50.0 X 10-^ mol dm'^ 
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F ig .3 .7 : Plots of kobs vs. [xylose] (a) and I/kobs vs. l / [xy lose ] (b) for the 
oxidat ion of xylose by chromic acid. Conditions: [chromic acid] 
( - 4.0 X JO" moJ HCIO4 0.58 mol dm-') at 60 ^C 
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Fig .3 .8 : Plots of kobs vs. [arabinose] (a) and l/kobs vs. l / [ a rab inose ] (b) 
for the oxidat ion of arabinose by chromic acid. Conditions: 
[chromic acid] (= 4.0 x 10"'^  mol dm"^), HCIO^ (= 0.58 mol dm"^) 
at 60 
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F ig .3 .9 : Plots of k^bs vs. [glucose] (a) and 1/kobs vs. l / [g lucose ] (b) for 
the oxidat ion of glucose by chromic acid. Conditions: 
[chromic acid] {= 4.0 x 10"^ mol dm"^), H C I O 4 (= 0.58 mol dm"^) 
at 60 
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F ig .3 .10 : Plots of k , , vs. [mannose] (a) and 1/k, , , vs. ] / [mannose ] (b) 
for the oxidat ion of mannose by chromic acid. Conditions. 
) 
, V ' ^ V ^ r H y l H . l i ^ , 
[chromic acid] (= 4.0 x \ mol dm" ' ) , HCIO4 (= 0,58 mol dm - 3 
at 60 
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JO 
o JC 
NT 
o 2 h 
0 
10 20 
10^ Cf r u c t o s e H (mot ) l / C f r u c l o s e 3 ( m o r dm^) 
F i g . J . l J ; PJots ofkobs vs. [ f ruc tose] (a) and 1/kobs vs. l / f f r u c t o s e ] (b) for 
the oxidat ion of f ruc tose by chromic acid. Conditions-
[chromic acid] 4.0 x 10'^ mol dm"^), H C I O 4 (= 0.58 mol dm'^) 
at 60 
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F i g . 3 . 1 2 : Plots of kobs vs. [sorbose] (a) and vs. I / [ sorbose] (b) for 
the oxidat ion of sorbose by chromic acid. Conditions: 
[chromic acid] (= 4.0 x 
at 60 
1 0 " ' m o l H C I O 4 0 . 5 8 m o l d m " ^ ) 
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Attempts were also made to record poss ib le involvement of 
manganese( I I I ) in the react ion by moni tor ing the absorbance at 
470 nm (charac ter i s t ic of manganese( I I I ) under the exper imenta l 
conditions^'*^). No manganese( I I I ) was detected under the 
reac t ion condi t ions of [oxidant] = 4.0 x lO'"* mol d m ' ^ 
[ reductant ] = 30.0 x 10'^ mol dm'\ [HCIO4] = 0.58 mol dm'^ and 
[Mn(II)] = 5.0 X 10'^ to 50.0 x 10'^ mol dm'^ at 60 °C. 
E f f e c t o f t e m p e r a t u r e on the r e a c t i o n ra te 
The react ions were carr ied out at d i f fe ren t t empera tu res in 
the range of 30 to 80 Tables 3 . 25 -3 .30 record the kobs values 
obta ined at the respect ive tempera tures . The Ar rhen ius plots of 
log k (i .e. , kobs or ky) vs. 1/T were l inear and the act ivat ion 
energ ies (Ea) have been calcula ted f rom the s lopes of such plots 
for the oxidat ions of ca rbohydra tes by ch romium(VI) . The 
en tha lp ies and enthropies of act ivat ion (AH^ and AS^) were 
ca lcula ted us ing Eyr ing equat ion 
k = (ksT /h ) exp (AS'' /R) exp ( -AH^/RT) 
where the symbols have their usual meaning . The the rmodynamic 
pa ramete r s are recorded in Tables 3 .25-3 .30. 
E f f e c t o f [ s u r f a c t a n t ] on the r e a c t i o n ra te 
Pre l iminary observa t ions showed that the react ion mixture 
conta in ing CTAB = 1.4 x 10"^ mol dm'^ and HCIO4 = 0.58 mol 
dm'^ became intense turbid at room tempera ture (30 °C) with a ' 
v is ib le prec ip i ta te in the solut ion due to the solubi l i ty p roblem of 
CTAB. The mixture did not become homogeneous even a f te r 
ra is ing the tempera ture . However , no such prec ip i ta te was formed 
by adding anionic SDS or nonionic TX-lOO sur fac tan ts . As a 
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resul t , the e f fec t of CTAB could not be seen, and it was decided 
to carry out the kinet ic exper iments with only SDS and TX-lOO 
sur fac tan t s . 
The e f f ec t s of anionic (SDS) and nonionic (TX-lOO) 
sur fac tan t s on the observed rate constants (k^^) for the oxidat ion 
of D(+)-xyIose , L(+)arab inose , D(+)-g lucose , D-mannose , 
D- f ruc to se and L-sorbose by chromiuni(VI) were seen in the 
absence as well as presence of manganese( I I ) by car ry ing out a 
series of kinet ic runs at d i f fe ren t [ sur fac tan t ] with f ixed 
ch romium(VI) and reductant concent ra t ions at 60 ""C. The values 
of kyy are summar ized in Tables 3 . 3 1 - 3 . 3 6 and depic ted 
graphica l ly in Figs. 3 . 13 -3 .18 as rate constant (k4 ' ) - [ sur fac tan t ] 
p ro f i l e s . It is evident that both the su r fac tan t s p roduce a ca ta ly t ic 
e f f ec t in the entire range of their concen t ra t ions used. The 
var ia t ion of kvp with [surfac tant ] fo l lows typical pa t tern . 
E f f e c t o f [ o x i d a n t ) , [ r e d u c t a n t ] , [H^], [ M n ( I I ) ] and 
t e m p e r a t u r e in the p r e s e n c e of s u r f a c t a n t s 
To see the e f fec t s of [oxidant] , [ reductant] , [H"^], 
[Mn(II ) ] and tempera ture , and to fu r ther conf i rm the mechanism 
(vide infra), a ser ies of kinet ic runs were pe r fo rmed at constant 
[ sur fac tan t ] . The k4/-values, obtained as func t ions of the above 
var iables , are summarized in Tables 3 .1 -3 .30 . The e f fec t of 
[carbohydra te ] on the k^ ;^ in the presence of su r fac tan t s are shown 
in Figs. 3 . 1 9 - 3 . 2 4 . The behavior on var ia t ion of [oxidant] , 
[ reductant ] , [H^], [Mn(II ) ] and tempera ture was ident ical to the 
aqueous medium and the kinet ics fol low the same pat tern , i.e., 
f r ac t iona l -o rder in [carbohydra te] , complex-order in [H""], and 
f i r s t -order in [Cr(VI)] . These observa t ions undoubted ly es tabl ish 
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t h a t t h e m e c h a n i s m of o x i d a t i o n of t h e c a r b o h y d r a t e s by 
c h r o m i u m ( V I ) in p r e s e n c e of S D S and TX- lOO r e m a i n s the s a m e 
as in t h e a b s e n c e of s u r f a c t a n t s . 
E f f e c t o f [ sa l t ] on the r e a c t i o n rate in the p r e s e n c e of 
s u r f a c t a n t 
The e f fec t of added salts on the rate were also explored 
because salts , as addi t ives , in mice l la r sys tems acquire a special 
p lace due to their abil i ty to induce s t ructural changes which may, 
in turn, modi fy the subs t ra te -sur fac tan t in teract ions . The salt 
e f fec t on the micel le catalyzed ch romium(VI) -ca rbohydra te 
react ions were studied in the presence of SDS micel les at 60 °C. 
The observed data in the presence of inorganic salts 
(NH4Br, LiBr, and NaBr) are given in Tables 3 . 3 7 - 3 . 4 2 and 
shown graphical ly in Figs. 3 .25 -3 .30 . 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [ C r ( V I ) ] t 
[D(+)-xylose]t 
:HC104]t 
= 4 .0x lO'^mol dm'^ 
= 30.0 X 10'^ mol dm'^ 
= 0.58x mol dm -3 
Temperature 10' w i o ' K (s"') 
Aqueous SDS^ TX-lOO'' 
30 0.3 0.6 1.2 
40 0.7 1.2 1.9 
50 1.2 1.9 3.0 
60 1.7 3.0 4.5 
70 3.0 4.8 clouding 
80 3.8 7.6 clouding 
Parameters 
Ea(kJ m o l " ' ) 48 42 38 
AH#(kJ mol"^) 45 40 35 
AS#(JK-' m o l " ' ) -308 -304 -303 
'[SDS]T = 2 6 . 0 x 10-^moldm"^ 
^ [ T X - I O O ] T = 5 0 . 0 X 1 0 - ^ m o l d m " ^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t 
[L(+)arabinose]t 
[HC104]t 
- 4 . 0 x lO'^'mol dm'^ 
= 30.0 X 10'^ mol dm"^ 
= 0.58 X 10'^ mol dm'^ 
Temperature 10' W I O ' k^ (s-^) 
r o aqueous SDS'^ TX-lOO' 
40 2.5 2.9 4.2 
50 3.0 4.3 6.1 
60 4.4 5.7 8.5 
70 6.7 10.3 clouding 
80 9.4 15.3 clouding 
Parameters 
Ea(kJ mol"^) 38 35 29 
AH^(kJ m o l " ' ) 35 32 26 
m o l " ' ) - 3 0 2 - 2 9 9 - 2 9 8 
° [ S D S ] T =26 . 0 x l O ' ^ m o I d m ' ^ 
* [ T X . 1 0 0 ] t = 50 .0 X 10-^ m o l dm'^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k ,^;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions'. [Cr(VI)]t = 4.0 x 10'^ mol dm'^ 
[D(+)-gIucose]t = 30.0 x 10'^ mol dm'^ 
[HC104]T = 0.58 X 10'^ mol dm"^ 
Temperature 10' W I O ' k^ (s-') 
(°C) aqueous SDS^ TX-lOO' 
30 - 0.3 0.7 
40 0.5 L5 1.3 
50 0.9 L9 2.4 
60 2.0 2.8 5.1 
70 3.6 4.1 clouding 
80 4.8 7.7 clouding 
Parameters 
Ea(kJ m o r ^ ) 50 36 54 
AH^(kJ m o l " ' ) 47 33 51 
AS^(JK"' m o r ' ) -303 -303 -294 
^[TX-IOO]r = 50.0 x 10'^ mol dm'^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions: [Cr(VI)]t 
[D-mannoseJr 
[HC104]T 
= 4 .0x lO'^'mol dm-^ 
= 30.0x 10'^  mol dm'^ 
= 0.58 X 10'^ mol dm'^ 
Temperature 10' W I O ' k^ (s") 
(°C) aqueous SDS" TX-lOO' 
40 1.7 2.3 3.2 
50 3.0 3.6 5.6 
60 4.5 6.3 8.3 
70 9.4 11.5 clouding 
80 13.4 16.3 clouding 
Parameters 
Ea(kJ m o r ' ) 47 41 36 
AH#(kJ mol"^) 44 38 33 
AS#(JK-" m o r ^ ) -299 -297 -295 
''[SDSJt =26.0X lO'^moldm'^ 
*[TX-100]T = 50 .0 X IQ-^ m o l dm'^ 
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TABLE 3.20 : 
Effec t of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions-. [Cr(VI)]t 
[D-fructose]! 
[HC1041t 
= 4.0x IO"^mol dm 
= 30.0 X 10'^  mol dm'^ 
= 0.58 X 10'^  mol dm"^  
Temperature 
(°C) 
lO'^  kobs/lO'k^ (s-') 
aqueous SDS'' TX-lOO'' 
30 1.0 1.4 1.9 
40 1.9 2,3 3.3 
50 3.0 3.8 6.1 
60 4.5 7.1 9.2 
70 8.3 9.2 clouding 
80 12.1 13.4 clouding 
Parameters 
Ea(kJ mol" ' ) 41 39 36 
AH#(kJ mol" ' ) 38 37 33 
AS#(JK"' mol" ' ) -301 -299 -297 
''[SDSjr = 26.0 x 10'^  mol dm'^ 
* [ T X - 1 0 0 ] t = 5 0 . 0 X 10"^ m o l dm'^ 
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TABLE 3.20 : 
Effect of [Mn(II)]T on the pseudo-first-order rate constants (kobs or k^ ,;) for the 
oxidation of L(+)arabinose by chromium(VI) in the absence and presence of 
surfactants. 
Conditions'. [ C r ( V I ) ] t 
L-sorbosejx 
[HC104]t 
= 4.0x lO^^mol dm'^ 
= 30.0 X 10'^  mol dm-^  
= 0.58x 10'^  mol dm .-3 
Temperature 
(°C) 
10^ kobs/lO' k^ (s"') 
aqueous SDS'' TX-lOO'' 
30 0.6 1.1 1.2 
40 1.0 1.5 2.1 
50 1.9 3.0 3.0 
60 3.5 4.7 6.4 
70 6.2 8.3 clouding 
80 11.5 13.3 clouding 
Parameters 
Ea(kJ mol" ' ) 56 52 49 
AH#(kJ mol" ' ) 53 49 46 
AS^(JK"' mol" ' ) -300 -298 -297 
" [ S D S J t = 26.0 X 10'^ mol d m -3 
'[TX-1 00]t = 50.0 X 10-^ mol dm -3 
99 
TABLE 3.32 ; 
Effect of [surfactantjj on the pseudo-first-order rate constants (k^ )^ for the 
oxidation of L(+)arabinose by chromium(VI). 
Conditions: [Cr(VI)]T 
[D(+)-xylose]T 
= 4.0x lO'^'mol dm'^ 
= 30.0 X 10'^  mol dm-^ 
[HCi04]T = 0.58 mol dm 
-3 
Temperature = 60 °C 
10'[surfactnatjT 1 0 X ( s ' ' ) lOXcal (S'') 
(mol dm'^) SDS TX-lOO SDS TX-lOO 
2.5 - 2.1 - 2,6 
5.0 1.9 2.5 - 2.8 
10.0 2.0 2.7 2.4 3.1 
15.0 2.3 3.0 2,7 3.3 
20.0 2.7 3.3 2.7 3.5 
26.0 3.0 3.6 3.0 3.8 
30.0 3.1 3,8 3.2 3.9 
35.0 3.2 3.9 3.3 4.0 
40.0 3.3 4.1 3,4 4.2 
45.0 3,5 4.3 3.6 4.3 
50.0 3.7 4.5 3.8 4.5 
60.0 - 5.1 - 5.1 
67.0 - 6.0 - 5.9 
1 0 0 
TABLE 3.32 ; 
Effect of [surfactantj j on the pseudo-first-order rate constants (k^ )^ for the 
oxidation of L(+)arabinose by chromium(VI). 
Conditions-. [Cr(VI); = 4 . 0 x lO'^mol dm'^ 
[L(+)arabinose]t = 30.0 x 10"^  mol dm'^ 
[HC104]t = 0.58 mol dm'^ 
Temperature = 60 
1 0 ' [ s u r f a c t n a t l t \ 0 \ { s ^ ) l O X c a l ( s ' ' ) 
(mol dm ) SDS TX-lOO SDS TX-lOO 
2.5 - 5.0 - 5.1 
5.0 5.0 5.5 - 6.1 
10.0 5.4 6.1 5.9 6.2 
15.0 5.8 6.6 6.2 6.6 
20.0 6.1 6.9 6.4 7.0 
26.0 6.4 7.2 6.6 7.1 
30.0 6.4 7.7 6.7 7.5 
35.0 6.8 7.9 7.0 8.2 
40.0 6.8 8.1 6.9 8.1 
45.0 7.0 8.4 6.9 8.5 
50.0 7.2 8.5 1.2 8.6 
60.0 7.4 8.6 1.6 8.8 
67.0 - 8.8 - 9.0 
1 0 1 
TABLE 3.32 ; 
Effect of [surfactantjj on the pseudo-first-order rate constants (k^ )^ for the 
oxidation of L(+)arabinose by chromium(VI). 
Conditions'. [Cr(VI)]T 
p(+)-gIucose]T 
[HC104]t 
Temperature 
= 4 .0x 10"^mol dm'^ 
= 30.0x10'^ mol dm-^ 
= 0.58mol dm"^ 
= 60 
10'[SDS]T \ o \ 10^[TX-100] i o \ l O V a i (s"') 
(mol dm"^) is') (mol dm"^) (s-') SDS TX-lOO 
4.3 2.2 1.0 2.1 - 1.9 
8.0 2 A 2.0 2.3 - 2.0 
10.0 2.5 4.4 2.7 - 2.9 
13.0 2.6 8.8 2.8 2.4 3.4 
17.0 2.7 12.0 3.2 2.7 3.7 
22.0 2.8 16.8 3,4 2.8 3,9 
26.0 2.8 23.0 3.6 3.2 4.3 
34.0 2.9 33.6 3.8 3.2 3,6 
40.0 3.0 40.0 4.0 3.1 4.0 
- - 50.0 4,2 - 3,8 
- - 58.0 4.4 - 3.5 
- - 67.0 5.1 - 3.3 
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TABLE 3.32 ; 
Effect of [surfactantjj on the pseudo-first-order rate constants (k^^) for the 
oxidation of L(+)arabinose by chromium(VI). 
Conditions-. [C r (VI ) ] t = 4 .0x lO'^mol dm -3 
[D-mannose]T = 30.0 X 10'^  mol dm'^ 
[HC104]T - 0 . 5 8 mol dm'^ 
Temperature = 60 
10'[surfactnat]t 1 0 \ ( s - ' ) 10 \ca l (S-') 
(mol dm'^) SDS TX-lOO SDS TX-lOO 
2.5 4.5 4.9 - 5.2 
5.0 4.8 5.3 - 6.2 
10.0 5.3 5.9 5.3 6.4 
15.0 5.6 6.3 5,7 6.9 
20.0 5.9 6.9 6.0 7.2 
26.0 6.3 7.0 6.6 7.4 
30.0 6.4 7,2 6.4 7.5 
35.0 6.7 7.4 6.7 7.7 
40.0 6.9 7.7 7.2 8.0 
45.0 7.1 8.0 7.3 8.2 
50.0 7.4 8.3 7.5 8.5 
60.0 7.7 9.6 7.8 10.1 
67.0 - II.I - 11.2 
1 0 3 
TABLE 3.32 ; 
Effect of [surfactantjj on the pseudo-first-order rate constants (k^ )^ for the 
oxidation of L(+)arabinose by chromium(VI). 
Conditions: [Cr(VI)]T = 4 . 0 x lO'^^mol dm .-3 
[D-fhictose]t = 30.0x10-^ mol dm'^ 
[HC104]t = 0.58 mol dm'^ 
Temperature = 60 °C 
10^ [surfactnat]t 1 0 X ( s " ' ) l o v c a l ( s - * ) 
(mol dm'^) SDS TX-lOO SDS TX-lOO 
2.5 - 5.4 - 6.3 
5.0 5.2 5.7 - 6.4 
10.0 5.8 6.4 - 7.2 
15.0 6.4 6.9 7.0 7.6 
20.0 6.7 7.4 7.7 7.9 
26.0 7.1 7.8 7.9 8.0 
30.0 7.3 8.1 7.8 8.1 
35.0 7.6 8.4 7.9 8.4 
40.0 7.8 8.6 8.1 8.5 
45.0 8.0 8.8 8.2 9.0 
50.0 8.2 9.2 8.4 10.0 
60.0 8.4 10.6 8.6 10.1 
67.0 - 13.1 - 12.9 
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T A B L E 3.32 ; 
Effect of [surfactantjj on the pseudo-first-order rate constants (k^^ ) for the 
oxidation of L(+)arabinose by chromium(VI). 
Conditions-. [C r (VI ) ] t 
[L-sorbosejj 
= 4 . 0 x 10"^mol dm'^ 
= 30.0 X 10'^  mol dm'^ 
[HC104]T = 0.58 mol dm'^ 
Temperature = 60 
10' [ sur fac tna t j i 1 0 % (s"') l O V a l (s- ' ) 
(mol dm'^) SDS TX-lOO SDS TX-lOO 
2.5 - 3.9 - 4.6 
5.0 3.8 4.3 - 5.1 
10.0 4.1 4.9 - 5.7 
15.0 4.3 5.2 5,0 6.4 
20.0 - 4.5 5.4 5.2 5.7 
26.0 4.7 5.6 5.3 6.2 
30.0 4.9 5.7 5.2 6,3 
35.0 5.0 6.0 4.9 6.3 
40.0 5.1 6.2 5.3 6.4 
45.0 5.2 6.2 5.4 6.4 
50.0 5.4 6.4 5.6 6.7 
60.0 6.1 7.2 6.2 6,6 
67.0 - 7.7 - 7.7 
1 0 5 
> 
O 
10^ C s u r f Q c t a n t H ( m o l d m - 3 ) 
Fig .3 .13: Effec t of [ sur fac tant ] on the rate constant for the oxidation of 
xylose by chromic acid. Conditions: chromic acid (= 4.0 x lO'"* 
mol dm"^), [xylose] (= 30.0 x 10'^ mol dm"^), and HCIO4 0 58 
mol dm"^) at 60 °C. 
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Fig .3 .14: Ef fec t of [ sur fac tant ] on the rate constant for the oxidation of 
a iabinose by chromic acid Conduions chromic acid 4 0 x 
10"' mol dm" ' ) , and HCIO4 10"*^  mol dm"^), [arabinose] 30 0 x 
{= 0.58 mol dm"^) at 60 °C. 
1 0 6 
t 
sT 
o 
> 6 .4 -
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10^ C s u r f a c t a n t U ( m o l d m " ^ ) 
Fig .3 .14: Effec t of [ sur fac tan t ] on the rate constant for the oxidation of 
arabinose by chromic acid, Condidnns: chromic acid 4.0 x 
10"^ mol dm"^), [arabinose] 30.0 x 10"' mol dm" ' ) , and HCIO4 
(= 0.58 mol dm"^) at 60 °C. 
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10^ C s u r f a c t a n t • ( m o l d m " ^ ) 
Fig.3.15; Effec t of [ sur fac tant ] on the rate constant for the oxidation of 
glucose by chromic acid. Conditions: chromic acid (= 4.0 x 10 - 4 
mol dm"^), [g lucose] (= 30.0 x 10"'' mol - 3 a n d H C I O 4 
(= 0.58 mol dm"^) at 60 °C. 
1 0 8 
10 2 0 3 0 AO 5 0 
C s u r f Q c t o n t i l ( mo ldm"*^) 
Fig .3 .16: Ef fec t of [ sur fac tant ] on the rate constant for the oxidation of 
mannose by chromic acid. Conditions: chromic acid (= 4.0 x lO"'^  
mol dm""-^), [mannose] (= 30.0 x lO""* mol dm"''), and HCIO -3 
(= 0.58 mol dm"^) at 60 ^C. 
1 0 9 
10 2 0 3 0 AO 5 0 
1 0 ^ C s u r f a c t a n t H ( m o l d m " ^ ) 
Fig .3 .17: E f fec t of [ sur fac tan t ] on the rate constant for the oxtdatron of 
f ruc tose by chromic acid. Conditions- chromic acid (= 4.0 x 10 - 4 
mol d m " 0 , [ f ruc tose] (= 30.0 x 10"^ mol d m " 0 , and HCIO4 
(= 0 58 mol dm"-^) at 60 
no 
10 2 0 3 0 AO 5 
10^ C s u r f Q c t a n t • ( m o l d m - ^ ) 
Fig .3 .18: Effec t of [ sur fac tan t ] on the rate constant for the oxidation of 
sorbose by chromic acid. Conditions: chromic acid (= 4.0 x 10"'^  
mol dm'^) , [ sorbose] (= 30.0 x 10"^ mol dm~^), and HCIO4 
(= 0.58 mol dm"^) at 60 "^ C. 
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TABLE 3.37 : 
Effect of [salt] on the pseudo-first-order rate constants (k^;) for the oxidation 
of D(+)-xylose by chromium(VI) in the presence of surfactant. 
Conditions: [Cr(VI)]T 
[D(+)-xylose]T 
[HCIOJT 
[SDS]t 
Temperature 
= 4.0x IQ-Vol dm'^ 
= 30.0 X 10-^  mol dm'^ 
= 0.58mol dm'^ 
= 26.0 X 10-^  mol dm'^ 
= 60 °C 
10' [salt]T 
(mol dm"^) 
"To 
10.0 
25.0 
35.0 
50.0 
NaBr 
"16 
2.1 
1.7 
1.5 
1.3 
LiBr 
2.7 
2.3 
2.0 
1.8 
1.5 
NH4Br 
2.5 
2.3 
2.0 
1.7 
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TABLE 3.39 : 
Effect of [salt] on the pseudo-first-order rate constants (k,^ ,) for the oxidation 
of D(+ ) -g lucose by chromium(VI) in the presence of surfactant. 
Conditions'. [Cr(VI)]T = 4.0 x IQ-Vol dm'^ 
[L(+)arabinose]T = 30.0 x 10"^  mol dm'^ 
[HC104]t =0.58 mol dm'^ 
[SDS]T =26 .0x lO'^moldm'^ 
Temperature = 60 °C 
10' [salt]T 1 0 % ( s ' ) 
(mol dm"^) NaBr LiBr N H ^ 
" T o 
10.0 3.8 4.2 4.6 
25.0 3.0 3.4 4.0 
35.0 2.7 3.1 3.5 
50.0 2.0 2.2 3.2 
1 1 3 
TABLE 3.39 : 
Effect of [salt] on the pseudo-first-order rate constants (k,^ ,) for the oxidation 
of D(+)-glucose by chromium(VI) in the presence of surfactant. 
Conditions: [Cr(VI)]T = 4.0 x lO''mol dm'^ 
[D(+)-gIucose]T = 30.0 x 10'^  mol dm'^ 
[HCI04]t =0.58 mol dm'^ 
[SDS]T = 2 6 . 0 x 10-^moldm'^ 
Temperature = 60 °C 
10' [salt^T l O X (s-^) 
(mol dm'^) NaBr LiBr N H ^ 
"To Ts Te Ts 
10.0 1.2 1.4 1.5 
25.0 0.6 0.8 I.I 
35.0 0.4 0.6 0.8 
50.0 0.3 0.5 0.6 
1 1 4 
T A B L E 3.39 : 
Effect of [salt] on the pseudo-first-order rate constants (k,^ ,) for the oxidation 
of D(+)-glucose by chromium(VI) in the presence of surfactant. 
Conditions: [Cr(VI)]t = 4.0 x lO^^mol dm'^ 
[D-mannoseJr = 30.0 x 10'^ mol dm'^ 
[HC104]t = 0 . 5 8 mol dm'^ 
[ S D S ] t = 2 6 . 0 X 1 0 ' ^ m o l d m ' ^ 
Temperature = 60 
10' [salt]t \ 0 \ (s'^) 
(mol dm'^) NaBr LiBr NH4Br 
" T o 4 1 4?7 5 l 
10.0 3.3 4.1 4.4 
25.0 2.6 3.1 3.6 
35.0 2.1 2.7 3.0 
50.0 1.7 2.1 2.5 
1 1 5 
T A B L E 3.39 : 
Effect of [salt] on the pseudo-first-order rate constants (k,^ ,) for the oxidation 
of D(+)-glucose by chromium(VI) in the presence of surfactant. 
Conditions: [Cr(VI)]t = 4.0 x lO"'^  mol dm'^ 
[D-fructose]t = 30.0 x 10'^ mol dm'^ 
-3 
[HC104]t = 0 . 5 8 mol dm 
[ S D S ] t = 2 6 . 0 x l O ' V o l d m * ^ 
Temperature = 60 °C 
10' [salt]t \ 0 \ (s*') 
(mol dm'^) NaBr LiBr N H ^ 
" T o 4^8 5 3 1 9 
10.0 4.3 4.6 5.0 
25.0 3.0 3.4 3.8 
35.0 2.2 2.7 3.2 
50.0 2.0 2.4 3.0 
1 1 6 
T A B L E 3.39 : 
Effect of [salt] on the pseudo-first-order rate constants (k,^ ,) for the oxidation 
of D(+)-glucose by chromium(VI) in the presence of surfactant. 
Conditions-. [Cr(VI)]t 
[L-sorbose 
[HC104]T 
[SDS]t 
Temperature 
= 4 . 0 x 10"^mol dm'^ 
= 3 0 . 0 x 10'^ mol dm'^ 
= 0 . 5 8 m o l dm'^ 
= 26.0 X 10'^ mol dm'^ 
= 60 °C 
10 ' [salt]t 
(mol dm"^) 
"To 
10.0 
25.0 
35.0 
50.0 
1 0 % (s-') 
NaBr 
3.2 
2.7 
2.1 
1.8 
1.4 
LiBr 
3.7 
3.2 
2.3 
2.1 
1.9 
NH4Br 
4 1 
3.4 
2.7 
2.4 
2.2 
1 1 7 
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F ig .3 .19: Plots of k^ vs. [xylose] for the oxidat ion of xylose by chromic 
acid in the presence of su r fac tan t s (SDS ( d ) , and T X - ] 0 0 ( • ) ) . 
Conditions: [chromic acid] (= 4.0 x 10"^ mol dm"^), H C I O 4 
(= 0.58 mol dm'^X SDS (= 26.0 x JO'^ mo\ dm" ' ) , and TX-IQO 
50.0 X mol dm"^) at 60 
1 1 8 
10 2 0 3 0 
l O ^ C a r a b i o o s e l ] ( m o l dm"^) 
Fig .3 .20: Plots of kv,. 
chromic acid 
vs. [arabinose] for 
in the presence of 
the oxidat ion of xylose by 
sur fac tan ts (SDS and 
TX~100 ( • ) ) . Conditions: [chromic acid] 4.0 x 10""^  mol 
d m ' O , HCIO4 (= 0 .58 mol dm"^), SDS (= 26.0 x 10"^ mol dm~^), 
and TX-IOO (= 50.0 x 10"^ mol dm'^) at 60 
I 1 9 
5 -
U -
t/i 
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10 2 0 3 0 
d m - 3 ) 
Fig .3 .21: Plots of k^ vs. [glucose] for the oxidat ion of xylose by 
chromic acid in the presence of sur fac tan ts (SDS (©), and 
TX-IOO ( • ) ) . Conditions: [chromic acid] (= 4.0 x 10""* mol 
), HCi04 (= 0.58 mol SDS (= 26.0 x 10'^ mol dm"^), dm 
and TX-lOO (= 50.0 x 10"^ mol dm"^) at 60 
1 2 0 
t 
U) 
N T o 
10 20 
I 0 ^ [ 2 m a n n o s e 3 ( m o l d m " ^ ) 
F ig .3 .22 : Plots of k^ vs. [mannose] for the oxidat ion of xylose by 
chromic acid in the presence of sur fac tan ts (SDS ( a ) , and 
TX-lOO ( • ) ) . Conditions: [chromic acid] (= 4.0 x lO'"* mol 
dm"^), HCIO4 (= 0.58 mol dm~^), SDS (= 26 .0 x 10 
and TX-lOO (= 50.0 x 10"^ mol dm"^) at 60 
mol dm"^), 
1 2 1 
10 20 
1 0 3 C f r u c t o s e D ( m o l d m - 3 ) 
F i g . 3 . 2 3 : P lo t s of k^ ^ vs. [ f ruc tose ] for the ox ida t ion of xy lose by 
chromic acid in the p resence of su r fac tan t s (SDS (©), and 
T X - l O O ( • ) ) . Conditions: [ chromic ac id] 4.0 x mol 
dm"^), HCIO4 (= 0.58 mol dm~^), SDS (= 26.0 x 10"^ mol dm"^), 
and T X - l O O (= 50.0 x 10'^ mol dm"^) at 60 
1 2 2 
jn: 
nT 
O 
to 20 30 
10^ C s o r b o s e ^ ( m o l c l m " ^ ) 
F ig ,3 .24 : P lo ts of k^ ^ vs. [ sorbose] for the ox ida t ion of xy lose by 
ch romic acid in the p resence of su r f ac t an t s (SDS (Q), and 
TX- lOO ( • ) ) . Conditions: [ ch romic ac id] (= 4.0 x mol 
dm"^), HCIO4 (= 0.58 mol dm'^) , SDS (= 26.0 x 10 
-3 mo\ dm 
and T X - l O O (= 50.0 x 10'^ mol d m ' ' ) at 60 
'3' 
1 2 3 
C s a l t l ! ( mo ldm"-^ ) 
Fig .3 .25; Effec t of [salt] (NH4Br, LiBr and NaBr) on the rate of 
oxidation of xylose by chromic acid in presence of SDS (= 26.0 
X 10"^ mol dm'^). Conditions: chromic acid (= 4.0 x lO"""^  mol 
dm'^), [xyiose] (= 30.0 x 1 0 ' ^ m o l a n d H C I O 4 ( = 0 . 5 8 m o l -3 
dm"^) at 60 ""C. 
1 2 4 
Sj 
o 
> 4 . 0 h 
0.2 5 
C s a l t H ( m o l d m - 3 ) 
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Fig.3.26: Effec t of [salt] (NH4Br, LiBr and NaBr) on the rate of 
oxidat ion of arabinose by chromic acid in presence of SDS 
(= 26.0 X 10"^ mol dm"^). Conditions: chromic acid (= 4.0 x lO"'^  
mol dm"^), [arabinose] (= 30.0 x 
(= 0.5S mol at 60 
mol dm"''), and HCIO, 
1 2 5 
I 
(A 
o 
0.25 
C s a l t D ( m o l d m - 3 ) 
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Fig.3 .27: Effect of [salt] (NH4Br, LiBr and NaBr) on the rate of 
oxidation of glucose by chromic acid in presence of SDS 
(= 26.0 X lO""* mol dm""^). Conditions: chromic acid (= 4 0 x 10"'' 
mol dm"^), [glucose] {= 30.0 x 10"^ mol dm"^), and HCIO4 
{= 0.58 mol dm"^) at 60 °C. 
1 2 6 
0 . 2 5 
C s a l t ^ C m o l d m " 3 ) 
0 , 5 0 
Fig .3 .28: Effec t of [salt] (NH4Br, LiBr and NaBr) on the rate of 
oxidation of mannose by chromic acid in presence of SDS 
{= 26.0 X lO""^  mol dm"^). Conditions: chromic acid (= 4.0 x lO""* 
mol dm [mannose] (= 30.0 x 
0.58 mol dm"-^) at 60 
10"^ mol d m " ' ) , and HCIO4 - 3 
1 2 7 
I 
(A 
J3C 
o 
0.0 
0.0 0 . 2 5 
C S Q U • ( m.ol d m - 3 ) 
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Fig.3 .29: Effec t of 
oxidation of 
(= 26.0 X mol dm"-^). Conditions: chromic acid (= 4.0 x 10 
mol dm"^), [ f ruc tose] (= 30.0 x 
{= 0.58 mol dm"'"*) at 60 
[salt] (NH4Br, LiBr and NaBr) on the rate of 
f ruc tose by chromic acid in presence of SDS 
10'^ mol 
- 4 
dm"' ) , a n d KC\Oa 
1 2 8 
0.0 0.2 5 
Q s a l t 3 ( m o l d n n - 3 ) 
0 . 5 0 
Fig.3.30: Effect of [salt] (NH4Br, LiBr and NaBr) on the rate of 
oxidation of sorbose by chromic acid in presence of SDS (= 26.0 
• J O A 
X 10" mol dm" ). Conditions: chromic acid (= 4.0 x 10" mol 
dm"^), [sorbose] {= 30.0 x 10"^ mol dm~^), and HCIO4 (= 0.58 
mol dm"^) at 60 °C. 
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B. D I S C U S S I O N 
The coordinat ion chemist ry of chromium has provided a 
fer t i le ground for making a vast major i ty of kinet ic 
inves t iga t ions . The kinet ics of chromic acid oxidat ion of organic 
subs t ra tes in convent ional aqueous medium has been studied 
under varying condi t ions . It is well known that chromium(VI) 
reduct ion by organic subst ra tes produces a purple colored 
product , i .e., aquachromium(I I I ) or its complex wi th the 
reductant . P ioneer ing and incis ive s tudies by Westhe imer , Wiberg 
and Rocek have provided much of our unders tanding of the 
pa thways of react ions . The chromate-es te r mechanism of the 
oxidat ions has been placed on f i rm grounds. 
Oxidation of aldopentoses (D(+)-xylose, L(+)arabinose) , 
aldohexoses (D(+)-glucose, D-mannose), and ketohexoses (D-
fructose, L-sorbose) by chromic acid in the absence and presence 
of surfactants has an induction period fol lowed by autoaccelerat ion. 
The kinetics and machanism of the induction period have been 
studied spectrophotometrical ly in both the media. The experimental 
observations (Tables 3 .1-3 .36, Figs. 3 .1-3 .24) for the oxidat ion of 
above ment ioned carbohydra tes by chromic acid show the same 
behavior , i.e., f i r s t -o rde r dependence on [ox idan t ] t , complex-
order dependence on [H"^], and f r ac t i ona l -o rde r dependence both 
on [ reduc tan t ] t and [Mn(II)]T. 
The observed resul ts al low to conclude that a s imilar 
mechanism operates for the chromic acid oxidat ion of above 
ment ioned all the six carbohydra tes . Similar conclus ion was 
drawn by earl ier workers . 
1 3 0 
The mechanism: 
(a ) in t h e a b s e n c e of s u r f a c t a n t s -
Before proposing a mechanism it is necessary to discuss the 
species of chromic acid and carbohydrates present in solut ions. 
Chromium(VI) is known to exist in aqueous acid solut ions in a 
variety of forms, such as Cr04^~, HCr04", H2Cr04, HCrOs^ and 
dimeric species CrjOv^". The nature of these species depends 
upon the pH and c o n c e n t r a t i o n . H C r 0 4 " does not 
loose a proton until the pH reaches ca.l and it gains a proton in 
0X20-,^' + H2O ^ 2HCr04" 
H C r 0 4 ' H2Cr04 
- H " 
^H^ - H + H + 
Cr04^" HCrOs^ + H2O 
pH < 1.0. Under our experimental condit ions ([H"^] = 0 ,11 -0 .93 
mol dm'^), H2Cr04 and HCr04~ species exist in s igni f icant 
concentrat ions . As the [H^] increases, the percentage of H2Cr04 
species increases which, in turn, increases the react ion rate. The 
acid-base propert ies of dimeric chromium(VI) have not been 
taken into considerat ion in view of the fact that, under the 
condit ions of low [Cr(VI)] (as in the present case), the 
predominant reaction is that of monomeric chromium(VI) with 
the carbohydrates . 
In aqueous solut ions, carbohydrates exist mainly as cyclic 
hemiaceta ls which are in dynamic equil ibrium with acyclic forms. 
Of the pyranoid and furanoid forms, the former is general ly the 
most stable and exists mainly in a chair form. Out of these, only 
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the pyranose form is c la imed to be invo lved in oxidat ion 
r e a c t i o n s . A s far as the con fo rma t ion is conce rned , H O - in a -
11 nd f^-nnomcrs arc present , r e spec t ive ly , at equator ia l and axial 
2 4 5 posi t ions . 
(a-anomer) (P-anomer) 
R = 
X = 
-H ( for a ldopen toses and k e t o h e x o s e s ) or 
-CH2OH (for a ldohexoses ) 
-H (for a ldopen toses and a ldohexose s ) or 
-CH2OH ( for ke tohexoses ) 
It has been es tab l i shed in the ox ida t ion of ca rbohydra t e s by 
metal ions that the anomer hav ing OH-1 equa to r ia l (P -anomer ) 
undergoes f a s t e r ox ida t ion than the c o r r e s p o n d i n g anomer having 
OH-1 a x i a l ( a - a n o m e r ) . 246.248 
Taking into cons idera t ion all the above aspec ts toge ther 
with the ev idence of f ree radica l f o rma t ion , the fo l l owing 
mechan i sm can be p roposed to expla in the expe r imen ta l data 
1 3 2 
K, 
HCr04 -f H ^  ^ H2Cr04 (3.2) 
R 
OH + H2Cr04 
X 
A ( p - a n o m e r ) 
R O 0 
O—Cr-OH 
11 
0 
(3.3) 
X 
A1 (ester) 
A1 
R 
\\ 
B (lactone) 0 
(3.4) 
+ Cr(VI) fast ^ ^ ^ ^ ^ ^ ^ ^ + Crdll) 
X 
R (radical) 
(3.5) 
R + Cr(VI) 
fast B + Cr(V) (3.6) 
A + Cr(V) fast B + Cr(III) (3.7) 
S c h e m e 3.1 
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The reaction is presumed to follow the chromate-ester 
formation between the chromium(VI) and equatorial anomeric OH-
1 of P-pyranose^"^^ (axial OH-1 of a - anomer is less exposed with 
the consequence of less accessibil i ty to chromium(VI)) . The 
chromate-es ter formation is similar to the oxidation of a lcoho ls /a -
hydroxy acids/carboxylic aci ds by In the 
ra te -de termining step, the chromate-es ter breaks leading to the 
format ion of lactone and chromium(IV) which subsequent ly 
par t ic ipa tes in the faster react ions (3.5) to (3.7). 
On the basis of the proposed mechanism (Scheme 3.1), the 
fo l lowing rate equation has been der ived: 
k,Kesi Kp [H ] [carbohydrate 
kobs = ^ (3.8) 
1 + Kp [H^] + Kesi Kp [H^][carbohydrate] 
Equat ion (3.8) explains all the exper imental observat ions 
obta ined. Taking its reciprocal , we get 
(1 + K p [H^]) 
1/kobs = + b2 (3.9) 
bi [ carbohydrate" 
where bi = kKes Kp [H^] and b2 = l / k j 
At constant [H^], plots of 1/kobs vs. l / [ ca rbohydra te ] were linear 
making an intercept on the 1/kobs ^^is (Figs. 3 .7-3.12, curves b), 
thus sa t i s fy ing the Michae l i s -Menten reciprocal re la t ionship 
(kinet ic proof for complex format ion) . Hence complex format ion 
between H2Cr04 and carbohydra tes occurs ini t ial ly. Hereby it is 
conf i rmed that the redox react ions occur in two kinet ical ly 
d is t inguishable steps: the f irst is a fairly rapid complex format ion 
1 3 4 
between H2Cr04 and carbohydrates , and the second is a s lower 
oxidat ive degradat ion of chromate-es ter ( A l ) . Values of ki and 
Kesi were evaluated f rom the intercepts and slopes of Figs. 3.7-
3.12 (curves b). In order to conf i rm the val idi ty of derived rate 
law (equat ion (3.8)) , va lues of ki , K ^ i , Kp, [H""] and 
carbohydra te ] were subst i tuted in equation (3.8) and kcai were 
ca lcula ted for var ious kinet ic runs (Tables 3 . 1 3 - 3 . 1 8 ) . The 
values compare well with the observed which provides the 
suppor t ing evidence to the proposed mechanism and conf i rm the 
val idi ty of equation (3.8). 
Sala and coworkers^^^'^^^ studied the oxidat ion of lactones 
by chromium(VI) and reported that the rate of oxidat ion is at 
least 10-fold higher in compar ison to the cor responding 
monosacchar ides . They also suggested that , with excess 
chromium(VI) , fur ther oxidat ion of the lactone ( formed in the 
rate de termining step) occurs by abstract ion of the a - H to yield 
the a - k e t o acid, preceding the decarboxyla t ion process . 
Lactone+ Cr( VI) • • Cr(ni) + keto acid (3.10) 
Keto acid + Cr(VI) • ^ Cr(III)+ CO2 + other products (3.11) 
Thus, we may safely conclude that under the present kinet ic 
condi t ions ( induct ion/autoaccelera t ion) , the exact s to ichiometry 
and product analysis cannot be predicted. The autoaccelera t ion 
part may include oxidat ion of lactone and its oxidat ion product 
(keto acid) . 
Manganese(II) has been used as an analytical tool to 
determine the involvement of chromium(IV), if formed, in the rate-
determining step.^^"*''^^'^^^ In such a case (i.e., in the presence of 
manganese(II) and chromium(IV) is an intermediate), the 
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oxidat ion rate by chromium(VI) would decrease by half.^^"* The 
oxidat ions per formed in the presence of Mn(II) show posi t ive 
catalyt ic e f fec t which rule out the possibi l i ty of format ion of 
Cr(IV) in the rate - determining step in presence of Mn(II) . Thus, 
we may conclude that the oxidat ion of carbohydrates by chromic 
acid fo l lows one-s tep, three - electron t ransfer mechanism. 
Scheme 3.1 is, therefore , modif ied as Scheme 3.2. 
OH + Mn(II) , - P-anomer--Mn(II) I (3.12) 
X A2 
A (p-anomer) 
A 2 + CKVl) A2—chromiunXVI) (3.13) 
A3 B + CKIII) + Mn(III) (3.14) 
2Mn(lll) - J ^ Mn(ll) + Mn(lV) (3 15) 
Mn(IV) ^ ^ > B + Mn(II) (3.16) 
Scheme 3.2 
The f i rs t step represents format ion of a complex (A2) 
between carbohydra te and Mn(II) as po lyhydroxyla ted 
compounds are known to interact s trongly with metal ions. The 
format ion of a complex between D-gluconic acid and Mn(II) had 
been reported.^^^ The equi l ibr ium between p-anomer and M n ( n ) 
is fas t . In presence of chromium(VI) , the equi l ibr ium shif ts 
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towards the r igh t -hand-s ide because A2 is consumed and get 
conver ted to A3. As the react ion proceeds , the equi l ibr ium 
involving Kes2 also sh i f t s in the forward di rec t ion. The A2 
complex forms an es ter- l ike species (A3) with chromium(VI) . In 
analogy to our prev ious studies^^^'^^^ we assume that A3 
decomposes by a one-s tep, three-e lec t ron ox ida t ion- reduc t ion 
mechan i sm direct ly to chromium(I I I ) ; one of the e lect rons 
t r ans fe r red is given by the manganese atom and the other two by 
the ca rbohydra te . 
The oxidat ion of all the a ldopentoses (D(+) -xy lose and 
L(+)a rab inose) , a ldohexoses (D(+) -g lucose and D-mannose ) and 
a ldoke toses (D- f ruc tose and L-so rbose ) that we have studied 
using chromium(VI) as oxidant are kinet ical ly s imilar . The 
second order rate constant values (k'^  = kobs/[carbohydrate]) are 
of the same order (Table 3.43), indicat ing that a s imilar 
mechanism may be operat ive for all the ca rbohydra tes . A 
compar ison of k^' for the oxidat ion of the series of ca rbohydra tes 
under ident ical condi t ions reveals the sequence: 
L(+)a rab inose > D- f ruc tose > D-mannose > L-sorbose > D(+)-
xylose > D(+)-g lucose 
toward their react ivi ty . This t rend shows that the oxidat ion by 
chromium(VI) seemingly depends on the number of avai lable 
pr imary - O H groups, the s te reochemis t ry , and the chela t ing 
abil i ty of the carbohydra te . Most probably , induced cel lular 
tox ic i ty /env i ronmenta l pol lu t ion due to the in terac t ions of 
ch romium(VI) and var ious po lysacchar ides (and/or other 
b iomolecu les ) are governed by s imilar fac tors . Fur thermore , our 
s tudies also predict that presence of D-glucose skele ton in a 
molecu le makes it more ha rmfu l . 
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TABLE 3.43: 
C o m p a r i s o n b e t w e e n the s e c o n d - o r d e r r a t e c o n s t a n t s ( k " ) f o r the 
o x i d a t i o n of s e v e r a l c a r b o h y d r a t e s by c h r o m i u m ( V I ) in a q u e o u s -
p e r c h l o r i c m e d i u m . 
Carbohydrate H C I O 4 
(mol dm" 
Temp. 
r c ) 
lOV^ ( m o r ^  dm ' s "^ ) Ref. 
L- rhamnose 0.50 33 9.87 234 
L(+)arabinose 0.58 40 8.3 a 
D-fruc tose 0.58 40 6.3 a 
0.50 25 3.05 257 D-mannose 
0,58 40 5.6 a 
L-sorbose 0.58 40 3.3 a 
D(+)-xylose 0,50 25 2.11 257 
0.58 40 2.1 a 
D(+)-glucose 0.50 22 1.88 250 
0.50 25 1.79 257 
0.58 40 1.66 a 
^present work 
n s 
(b) in the presence of surfactants -
As pointed out earlier in the Results sect ion (p. 91,92), the 
mechanism of the carbohydrate oxidat ions by chromic acid in 
micei lar media (SDS and TX-lOO) remains the same as in the 
aqueous medium. 
A n a l y s i s of k^ - | s u r f a c t a n t ] p r o f i l e s 
Let us now take into account the kinet ic resul ts obtained in 
micei lar systems. For the analysis of observed mic^Uar ef fec ts , 
the pseudophase model can be considered as: 
(Cr(Vl)) , , ( C r ( V I ) ) , 
k'u k' t^  t 
Products Products 
Scheme 3.3 
Here (Cr(VI))w and (Cr(Vl))m are the oxidant in aqueous and 
micei lar phase, respect ively , Kx is the b inding constant with 
micel l ized sur fac tan t (Dn), and k \ and k'^ are the rate constants 
in aqueous and micei lar medium. According to Scheme 3.3, the 
relevant expression for the observed rate constant is 
k \ , + k'^ Kx [D,] 
k„ = (3.17) 
1 + K x [ D , ] 
which can be modi f ied to 
+ 
( k \ , - k,,) (kV - k',,) ( k ' . - k ' , ) Kx [D„] 
(3.18) 
1 3 9 
According to equation (3.18), a plot of the lef t -hand-side 
( l / (k\v - kvj;)) vs. l/[Dn] should give a straight line with an 
intercept (=l/(k'w - k'„,)) and slope (= 1/ (k'^ - k'm)Kx. The 
intercept and slope can be used to calculate the values of k'^ and 
Kx- Surpris ingly, l inearity in the plots of l / (k VS. l/[Dn] 
was not observed, implying that Scheme 3.3 model is inadequate 
for the oxidation of carbohydrates by chromic acid. On statistical 
grounds, the reliabil i ty of (k'w - kv^ ,) or (kvj, - k'w) seems to 
decrease as [Dn]—•O. But ( k ' ^ - k.^ ,)'^  or (k^ ,^ - k ^ ) ' * — • as [D^] 
— • 0; thus the data t reatment with equation (3.18) suf fers from 
the disadvantages of placing a high emphasis on the values of k'^ 
and k^ as [ D n ] — a n d being very sensit ive to errors when k^ ,; is 
nearly equal to k'w 
As the rates were observed to increase monotonical ly in the 
presence of both the SDS and TX-lOO micelles, it is likely that 
both the reactants are part i t ioned between aqueous and the 
micellar pseudophases and both the hydrophobic and electrostat ic 
interact ions may be operative. Therefore , Scheme 3.3 may be 
rewrit ten as Scheme 3.4. Bunton and his coworkers^^'^®'^^'^^'^^^ 
have critically examined the assumptions involved in this model 
(Cr(VI))^ + (carbohydrate) w 
K +Dn Kn +Dn Products 
(Cr(VI))^ + (carbohydrate) 
Scheme 3.4 
m 
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and also d iscussed its advantages and d isadvantages . The model 
cons iders the total volume of micel les as a separate phase and both 
the reactants are associa ted/ incorpora ted into the micel les . 
Thus, equat ion (3.17) can be modi f ied as equation (3.19) . 
kw [ c a r b o h y d r a t e j j + (Kxkm ~ k^) niN [Dn] 
k^ = (3 .19) 
(1 + K x [D„]) 
s s 
where kw = k 'w/[(carbohydrate)m] and k^ = k ' ^ / mN (niN b e i n g 
the mole rat io which is d imens ion less ) . The va lues of m^ were 
es t imated by cons ider ing the equi l ibr ium 
Kn 
(carbohydrate)w + D n ^ (carbohydrate)m ( 3 . 2 0 ) 
and 
[ (ca rbohydra te )^ ] 
K n = (3 .21) 
Xcarbohydrate)w] ( [0^] - [(carbohydrate)ni]) 
A quadra t i c equat ion (3 .22) can be obta ined with the help of 
equa t ion(3 .21) and the mass ba lance , [ c a r b o h y d r a t e j r = 
[ (carbohydrate)w] + [ (ca rbohydra te )^ ] . 
Kn [(carbohydrate)m]^ - (1 + + Kn [ ca rbohydra te jx ) 
[(carbohydrate)n,] + Kn [D^] [ c a r b o h y d r a t e j t = 0 (3 .22) 
For ca lcu la t ion of Kn and Kx, we used the cmc under k ine t ic 
cond i t ions , as de te rmined conduc t imet r i ca l ly (Table 2.2) . Non-
l inear least squares t echn ique was used for equa t ion (3 .22) to 
ca lcu la te the va lues of k^ and Kx for a given va lue of cmc. Such 
ca lcu la t ions were carr ied out for d i f f e ren t Kn va lues and the best 
va lue of Kn was cons idered to be the one for which the value of 
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Zdj^ was minimum (where di = k^ /^obsj - The bes t - f i t values 
are recorded in Tables 3 .44 -3 .49 . The k ,^cai calculated values 
were obtained by subst i tu t ing the kw, k^, Kx, and [Dn] values in 
the equat ion (3.19) and compared with ky^ /obs (Tables 3 ,31-3.36) , 
which are in excel lent agreement with the exper imenta l kyobs> ^^ts 
provides suppor t ing evidence for the method used. 
P r o b a b l e r e a c t i o n si te 
The locat ion of reactants and degree of water penet ra t ion 
into the micel lar s t ructure have a major in f luence on 
reactivity.^^^ It has been proved that exact react ion site cannot be 
proposed because the micel lar pseudophase is regarded as a 
microenvi ronment having varying degrees of water act ivi ty, 
polar i ty , and hydrophobicity.^^ The act ivi ty of water at the 
sur face is not d i f fe ren t f rom water act ivi ty in the aqueous 
p s e u d o p h a s e . T h e r e f o r e , at present , the local izat ion of oxidant 
and reductant can be considered. As the micel lar cata lysis was 
found to increase with increase in [H"^] and as par t i t ion ing of 
neutral H2Cr04 in micel lar phase has been ques t ioned^^ \ HCrOs"^ 
seems to be the react ive species. (Oxidat ions of secondary 
alcohols^^^ benzaldehyde^^^, and dimethylformamide^^"^ by 
chromium(VI) in high [HCIO4] have successful ly been expla ined 
by cons ider ing HCrOs"" as the react ive oxidant species) . For 
argument sake, if we do consider H2Cr04 being par t i t ioned in the 
micel lar phase, as many have done SQ26i,265.266^ s imul taneous 
par t i t ion ing of H2Cr04 and H"" is equivalent to the par t i t ioning of 
HCr03'^. In the present case, the acid concentra t ion is not so high 
but, keeping in mind the well known fact that in presence of 
anionic micel les the e f fec t ive local pH in the vicini ty of the 
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TABLE 3.45 : 
Values of the cmc, rate constants (kw, k^), and binding constants (Kx, Kn) for 
the oxidation of L(+)arabinose by chromium(VI) in the absence and presence 
of surfactants. 
Conditions-. [ C r ( V l ) ] t = 4.0 x mol dm'^ 
[D(+)-xylose]t = 30.0 x 10'^  mol dm'^ 
Temperature = 60 °C 
Parameters Aqueous Surfactant 
SDS TX-lOO 
10-^cmc(moldm"0 - 7.8 0.3 
1 0 ^ k ^ ( m o r ^ dm^ s- ' ) 5.7 
1 0 \ n , ( s " ' ) 8.4 9.7 
K x ( m o r ' d m ^ ) 136 144 
Kn (mol" ' dm^) 77 78 
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TABLE 3.45 : 
Values of the cmc, rate constants (KW, k^), and binding constants (Kx, KN) for 
the oxidation of L(+)arabinose by chromium(VI) in the absence and presence 
of surfactants. 
Conditions: [Cr(VI)]T = 4.0 x lO"'^  mol dm'^ 
[L(+)arabinose]t = 30,0 x 10'^ mol dm'^ 
Temperature - 60 °C 
Parameters 
10^ cmc (mol dm""^ ) 
1 0 ^ k w ( m o r ' dm^ s ' ' ) 
l O ' k n . ( S ' ' ) 
Kx ( m o r ' dm^) 
KN ( m o r ' dm^) 
Aqueous 
14.7 
Surfactant 
SDS 
7.5 
1.6 
172 
91 
TX-lOO 
0 3 
2.3 
114 
75 
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TABLE 3.45 : 
Values of the cmc, rate constants (kw, k^), and binding constants (Kx, Kn) for 
the oxidation of L(+)arabinose by chromium(VI) in the absence and presence 
of surfactants. 
Conditions: [Cr(VI)]T = 4 . 0 x 1 m o l dm'^ 
[D(+)-glucose]t = 30.0 x 10'^ mol dm' 
Temperature = 60 °C 
Parameters Aqueous Surfactant 
SDS TX-lOO 
lO-'cmc (mol dm"') - 10.8 0.3 
10^kw(mor^ dm^ s- ' ) 6.7 
10^kn,(s" ' ) 0-8 3.3 
K x ( m o r ' d m ^ ) 98 54 
Kn (mor^ dm^) 44 70 
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TABLE 3.45 : 
Values of the cmc, rate constants (kw, k^), and binding constants (Kx, Kn) for 
the oxidation of L(+)arabinose by chromium(VI) in the absence and presence 
of surfactants. 
Conditions: [Cr(VI)]t 
p-mannosej7 
Temperature 
= 4.0x10-'^ mol dm'^ 
= 30.0x10'^ mol dm'^ 
= 60 °C 
Parameters Aqueous 
10"^  cmc (mol dm'^) 
1 0 ^ k , v ( m o r ' dm^ s '^) 
l O ' k , (s-*) 
Kx (mol"' dm^) 
Kn (mol"' dm^) 
Surfactant 
SDS TX-lOO 
15.0 
9.8 
7.0 
86 
84 
0.3 
3.1 
58 
75 
1 4 6 
TABLE 3.45 : 
Values of the cmc, rate constants (kw, k^), and binding constants (Kx, KN) for 
the oxidation of L(+)arabinose by chromium(VI) in the absence and presence 
of surfactants. 
Conditions'. [C r (VI ) ] t = 4.0 x 10 'Vol dm"^  
[D-fructose]T = 30.0 x 10'^  mol dm'^ 
Temperature = 60 °C 
Parameters Aqueous Surfactant 
SDS TX-lOO 
10' cmc (mol dm'') ^ 102 0 3 
10^kw(mor ' dm^ s*') 15.0 
- 1.9 2.4 
K x ( m o r ^ d m ^ ) - 144 122 
Kn (mol"' dm^) - 77 74 
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TABLE 3.45 : 
Values of the cmc, rate constants (kw, k^), and binding constants (Kx, Kn) for 
the oxidation of L(+)arabinose by chromium(VI) in the absence and presence 
of surfactants. 
Conditions'. [Cr(VI)]T = 4.0 x 10"* mol dm'^ 
[L-sorbose]t = 30.0 x 10'^ mol dm'^ 
Temperature = 60 "^ C 
Parameters Aqueous Surfactant 
SDS TX-lOO 
10^  cmc (mol dm"'') ^ 0 3 
1 0 ^ k ^ ( m o r ' dm^ s'*) 11.7 
- 1.4 2.8 
K x ( m o r ' d m ^ ) - 172 46 
Kn ( m o r ' dm^) - 84 76 
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micellar surface is lower (by ca. 2 units)^^^ chances of H2Cr04 
gaining another proton in the interfacial region are high (equation 
(3.23)) . Thus, we assume that the catalytic behavior of SDS 
micel les are caused by the inclusion of [H"^] into the Stern layer 
H2Cr04 + H^ > HCr03" + H20 (3.23) 
(most of the ionic micelle mediated reactions are believed to 
occur in this layer^^'^'^'^*'^^). Based on purely electrostat ic 
considerat ions, the [H"^] increases which, in turn, increases the 
percentage of species HCtO^^ into the Stern layer and the 
negative head groups of SDS micelles form ion-pairs with the 
HCrOa^ species. 
Alcohol distr ibution between aqueous and SDS micelles has 
been studied using f luorescence techniques^^^ and NMR.^^^ Based 
on these results, the possibil i ty of part i t ioning carbohydrates 
between the micellar and aqueous phases cannot be ruled out. 
Thus, we conclude that the redox reactions between 
chromium(Vl) and carbohydrates take place in the Stern layer 
(Fig. 3.31), The micelle helps in bringing the HCrOs^ and 
carbohydrates together into a small volume, which may orient in 
a manner suitable for the oxidation. 
E f f e c t of n o n i o n i c TX-lOO mice l l e s 
As far as the role of nonionic micel les of TX-lOO is 
concerned, hydrogen bonding between the nonionic micelles and 
the reactants may play an important role. Due to this, both the 
reactants can be concentrated into the small volume (outer 
region) of TX-lOO micelles. Chromic acid and carbohydrates both 
possess no hydrophobic character . Carbohydrates have - O H 
groups in their cyclic structure and there may occur hydrogen 
149 
H 2 C r O A 
= C H 3 ( C H 2 ) i o C H 2 
F i g . 3 . 3 1 : Schemat ic model showing probable location of reactants for 
the ionic micel lar catalyzed redox react ion between chromic 
acid and carbohydra tes . 
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bonding between the - O H groups of carbohydrates and the - O H 
groups of the nonionic TX-100. Possibil i ty of the hydrogen 
bonding between H2Cr04 and hydrophil ic part of the TX-100 
micel les cannot be ruled out either. Formation of an ester- l ike 
species between the chromium(VI) and organic reductants is a 
character is t ic feature of the mechanism of these react ions. 
Therefore , the associated H2Cr04 and carbohydrates with TX-100 
micel les ( through hydrogen bonding) seem responsible of 
faci l i ta t ing format ion of the chromate-ester ; this might be the 
main role of TX-100 micel les toward catalysis. 
A c t i v a t i o n p a r a m e t e r s 
Comparison (Tables 3 .25-3.30) between the activation 
parameters in SDS and TX-100 with that in aqueous medium 
clearly indicates that the micel les act as catalyst and provide a 
new reaction path that has lower values of Eg (aqueous>SDS>TX-
100). A complete account of all the factors that inf luence AH^ 
and AS is not possible because the rate constant does not 
represent a single elementary step, as it is a complex funct ion of 
km, Kx and Kn- Furthermore, though a change in temperature is 
known to produce changes in the size, shape, surface charge, etc. of 
the micelIes^^^ equally good fit of the observed data (kobs and k^ ,^) 
to the Eyring equation both in the absence as well as presence of 
surfactants shows that the micelle structural sensit ivity to 
temperature is kinetical ly unimportant . Similar conclusions had 
been drawn earlier also,^^''^^^ 
Sal t e f f e c t on the reac t ion rate (k^ ,^) 
All of the factors affect ing size, shape, cmc and other 
properties of the micelles may affect their effect iveness in altering 
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react ion rates and pathways. One of these factors is the existence 
of salts or organic addit ives in the micellar m e d i a . B y 
including changes in the proper t ies of micel les , salts and organic 
addi t ives control the extent of substrate solubi l iza t ion and 
counter ion binding to m i c e l l e s . O n the addi t ion of organic 
salts to the medium, the incorpora t ion of the organic ion into the 
micel le may prevent the incorpora t ion of the subst ra te . 
Inert salts , especial ly the inorganic ones, and organic addi t ives 
have general ly been found to decrease the rates of reac t ions . The 
micel lar ca ta lyzed react ions can be inhibi ted or micel lar 
inhibi t ion can be suppressed by the addit ion of e lec t ro ly tes to the 
m e d i u m . T h e salt e f fec t s are spec i f ic and depend upon the 
nature of ion which has a charge opposi te to that of the micelle, 
sugges t ing that both e lect ros ta t ic and hydrophobic fac tors play a 
role. The e f fec t s are greatest for large, low charge density and 
hydrophobic ions, which interact most strongly with the ionic 
micel les . In general , the more hydrophobic a character possessed 
by the ion, the better inhibi tor it becomes. The inhibi tory e f fec t 
of an ion increases with its abil i ty to lower the cmc and sur face 
potent ia l , to increase N, and to decrease the ionizat ion degree of 
micelles.^^^ 
It is observed that the rate constant k^ ^ decreases with 
increase in inorganic salt (NaBr, LiBr and NH4Br) 
concent ra t ions . The salt e f fec t s in anionic micel les of SDS fol low 
the expected pat tern (Figs. 3 .25 -3 .30 ) . The reason for this 
observat ion may be as fo l lows. Presence of cat ions around the 
Stern layer may result in the decrease of sur face potential^^^ of 
the micel le which, in turn, excludes the reactant species from the 
Stern layer as well as f rom the micel lar sur face . This will give 
rise to deple t ion of reactants in the micel lar phase; hence, the 
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re tardat ion of the rate with increasing concent ra t ion of sal ts . The 
size and shape of micel les may also change in presence of added 
e lec t ro ly tes . However , based on the viscosi ty data (Table 2.3), 
we can safely rule out occurrence of any mice liar shape/s ize 
changes by salt addi t ion. Salt e f fec t depends largely on the nature 
of counter ion to the micel le . The counter ions (Na^, Li^, and 
NH4^) compete for HCrOa^ for the SDS micel les so that 
inhibi t ion by univalent ions typical ly increases accord ing to their 
po la r iz ing power (Figs. 3 .25 -3 .30 ) . 
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